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Quick Reference Guide 



Type Column Driver 



Type Number HD44100H HP66100F HD61100A HP61200 HP61104 HD61104A HD66106F HD66107T 



Power supply for 
internal circuits (V) 


5 5 


5 


5 5 


5 


5 5 




Power supply for 
LCD Drive Circuit (V) 


11 6 


17 


17 26 


28 


37 37 




Power 

Dissipation (mW) 


5 5 


5 


5 10 


10 


15 25 




Operating 
Temperature ( C) 


-20 to +75* 1 -20 to + 75* 1 -20 to +75* 1 


-20 to +75 -20 to +75 -20 to +75 


-20 to +75 -20 to +75 


Memory ROM (bit) - - - - - - 


RAM (bit) - ------- 


LCD Driver Common 


20 








80 160 




Column 


40 (20) 80 


80 


80 80 


80 


80 160 




Instruction Set - - - - - - - - 


Operation 
Frequency (MHz) 


0.4 1 


2.5 


2.5 3.5 


3.5 


6 8 




Duty 


Static-1/32 Static-1/16 Static-1/100 


1/32-1/128 1/64-1/200 1/64-1/240 1/100-1/480 1/100-1/480 


Package 


FP-60 FP-100 


FP-100 


FP-100 FP-100 


FP-100 
TFP-100 


FP-100 192pinTCP 


Type 


Column Driver (RAM) 






Column Driver (TFT) 


Type Number 


HD44102CH 


HD61102 


HD61202 


HD66108T 


HD66300T 


HD66310T 


Power supply for 
internal circuits (V) 


5 


5 


5 


5 


5 


5 


Power supply for 
LCD Drive Circuit (V) 


11 


15.5 


17 


15 


15 


23 


Power 

Dissipation (mW) 


5 


5 


5 


5 


160 


100 


Operating 
Temperature ( 4 C) 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75 


-20 to +75* 2 
(-20 to +65) 


Memory ROM (bit) 














RAM (bit) 


200x8 


512x8 


512x8 


165x65 






LCD Driver Common 








0~65 


120 


160 


Column 


50 


64 


64 


100-165 






Instruction Set 


6 


7 


7 


7 






Operation 
Frequency (MHz) 


0.28 


0.4 


0.4 


4 


4.8 


12/15 


Duty 


1/8,1/12, 

1/16,1/24, 

1/32 


Static- 1/64 


1/48,1/64, 
1/96,1/128 


1/32,1/34, 
1/36,1/48, 
1/50,1/64, 
1/66 






Package 


FP-80 


FP-100 


FP-100 


208pin TCP 


1 56pin TCP 


236pin TCP 



* 1 -40 to +85°C (Special request). Please contact Hitachi agents. 

*2 -20 to +75°C in 12 MHz Version, -20 to +65°C in 15 MHz Version. 

* 3 Under development 
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Quick Reference Guide 


Type 


Segment Display 








Type Number 


HD61602 


HD61603 HD61604 




HD61605 


P/-\vA7or ci mntw for 
ruwci oupfjiy iui 

internal circuits (V) 


3 to 5 






3 to 5 


Prtu/pr ci innlv/ for 
ruwci ouppiy iui 

LCD Drive Circuit (V) 


5 


5 5 




5 


Power 

Dissipation (mW) 


0.5 


0.5 0.5 




0.5 


Operating 
Temperature CO 


-20 to +75* 1 


-20to+75* 1 -20to+75* 1 


-20 to +75* 1 


Memory ROM (bit) 


_ 






_ 


RAM (bit) 


204 


64 204 




64 


LCD Driver Common 


4 


1 4 




1 


Column 


51 


64 51 




64 


Instruction Set 


4 


4 4 




4 


Operation 
Frequency (MHz) 


0.52 


0.52 0.52 




0.52 


Duty 


Static, 1/2, 
1/3,1/4 


Static Static, 1/2, 
1/3,1/4 




Static 


Package 


FP-80, 
FP-fcOA 
TFP-80* 2 


FP-80 FP-80 




FP-80 


*1 -40 to +85°C (Special request). Pie 
*2 Under development 


ase contact Hitachi agents. 






Type 


Common Driver 








Type Number 


HD44103CH HD44105H HD61103A HD61203 HD61105 


HD61105A 




Power supply for 
internal circuits (V) 


5 5 


5 5 5 


5 




Power supply for 
LCD Drive Circuit (V) 


11 11 


17 17 26 


28 




Power 

Dissipation (mW) 


4.4 4.4 


5 5 5 


5 




Operating 
Temperature ( °C) 


-20 to +75 -20 to +75 


-20 to +75 -20 to +75 -20 to +75 


-20 to +75 




Memory ROM (bit) 










RAM (bit) - - - - - 


LCD Driver Common 


20 32 


64 64 80 


80 




Column 










Instruction Set 










Operation 
Frequency (MHz) 


1 1 


2.5 2.5 0.1 


0.1 




Duty 


1/8,1/12, 1/8,1/12, 
1/16,1/24,1/32,1/48 
1/32 


Static-1/10, 1/32-1/128 1/64-1/200 1/64-1/240 
1/64 




Package 


FP-60 FP-60 


FP-100 FP-100 FP-100 


FP-100 
TFP-100 





* 1 -40 to +85°C (Special request). Please contact Hitachi agents. 

* 2 Under development 
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Quick Reference Guide 


Type 


Character 


Display 




Graphic Dm 


iplay 








Type Number 


HD44780 
HD43160AH (LCD-II) 


HD66780 
(LCD-IIA) 


HD61830 


HD63645F 
HD64645F 
HD64646FS 
HD61830B LCTC 


HD66840F 
HD66841F 
LVIC 


HD66850 
CLINE 


Power supply for 
internal circuits (V) 


5 


5 


5 


5 


5 


5 


5 


5 


Power supply for 




11 


5 












Power 

Dissipation (mW) 


10 


2 


2 


30 


50 


50 


250 


500 


Operating 
Temperature (*C) 


-20 to +75 -20 to +75* 1 


_on * n 4.7c 


— OA *r\ X7C 

— ZU TO +/0 


-20to+75* 1 


-20 to +75 


— OA *n J.7K 
C\J 10 T /O 


— OA *n J.7K 

- ZU TO + /O 


Memory ROM (bit) 


6420 


7200 


12000 


7360 


7360 


- 






RAM (bit) 


80x8 


80x8, 
64X8 


80x8, 
64x8 








- 


9762 


LCD Driver Common 




16 


16 


- 








- 


Column 




40 


40 












Instruction Set 


6 


11 


1 1 


12 


12 


15 


16/24 


63 


Operation 
Frequency (MHz) 


0.25/0.375 0.25 


0.25 


1.1 


2.4 


10 


30 


32 


Duty 


1/8,1/12, 
1/16 


1/8,1/11, 
1/16 


1/8,1/11, 
1/16 


Static 
1/128 


Static 
1/128 


Static 
1/512 


Static 
1/1024 


1/480 


Package 


FP-54 


FP-80, 
FP-80A 
TFP-80* 2 


FP-80A 
FP-80B 


FP-60 


FP-60 


FP-80, 
FP-80B 


FP-100A 


FP-136 



* 1 -40 to +85 e C (Special request). Please contact Hitachi agents. 

* 2 Under development 
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Type Number Order 



Type 


Function 


Reference Page 


HD43160AH 


LCD Controller 


100 


HD44100H 


LCD Driver with 40 Channel Output 


77 


HD44102CH 


LCD Column Driver with 50 Channel Output 


216 


HD44103CH 


LCD Common Driver with 20 Channel Output 


239 


HD44105H 


LCD Common Driver with 32 Channel Output 


247 


HD44780 LCD-II 


LCD Controller/Driver 


114 


HD6110A 


LCD Column Driver with 80 Channel Output 


256 


HD61102 


LCD Column Driver with 64 Channel Output 


268 


HD61103A 


LCD Common Driver with 64 Channel Output 


296 


HD61104 


LCD Column Driver with 80 Channel Output 


320 


HD61104A 


LCD Column Driver with 80 Channel Output 


320 


HD61105 


LCD Common Driver with 80 Channel Output 


332 


HD61105A 


LCD Common Driver with 80 Channel Output 


332 


HD61200 


LCD Column Driver with 80 Channel Output 


350 


HD61202 


LCD Column Driver with 64 Channel Output 


363 


HD61203 


LCD Common Driver with 64 Channel Output 


394 


HD61602 


Segment Display Type LCD Driver 


778 


HD61603 


Segment Display Type LCD Driver 


778 


HD61604 


Segment Display Type LCD Driver 


807 


HD61605 


Segment Display Type LCD Driver 


807 


HD61830 LCTC 


LCD Timing Controller 


413 


HD61830B LCTC 


LCD Timing Controller 


443 


HD63645F LCTC 


LCD Timing Controller 


466 


HD64645F LCTC 


LCD Timing Controller 


466 


HD64646FS LCTC 


LCD Timing Controller 


506 


HD66100F 


LCD Driver with 80 Channel Output 


87 


HD66106F 


LCD Column/Common Driver with 80 Channel Output 


516 


HD66107T 


LCD Column/Common Driver with 160 Channel Output 


531 


HD66108T 


Graphic LCD Controller/Driver 


551 


HD66110T 


Column Driver 


916 


HD66204 


LCD Column Driver with 80 Channel Output 


931 


HD66205 


LCD Common Driver with 80 Channel Output 


945 


HD66214T 


Micro-TAB 80-Channel Column Driver 


959 


HD66214TL 


Micro-TAB 80-Channel Column Driver 


959 


HD66300T 


TFT Alalog Column Driver 


833 


HD66310T 


TFT Digital Column Driver 


894 


HD66702 LCD-II 


Dot Matrix Liquid Crystal Display Controller and Driver 


975 


HD66780 LCD-IIA 


LCD Controller/Driver 


167 


HD66840F LVIC 


LCD Video Interface Controller 


604 


HD66841FLVIC-II 


LCD Video Interface Controller 


652 


HD66850F CLINE 


Color LCD Interface Engine 


708 
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Driver Output 
160 



HD61603 
HD61605 C 



Controller/Driver 



HD61604-- 6a 
HD61602 



HD44780 
(LCD- II) 

I 1 

HD66780 
(LCD- II A) 



H 1 1 

1/480 1/200 1/128 1/64 
Duty 1/240 1/100 



H 1 1 1 h 

1/32 1/16 1/8 

I HD44103CH j 
HD44105CH , 



HD61103A 



HD66205/ 
HD61105Ai 



r HD61203 
HD61105 



"I 



HD66106F 



HD66107T 



Common Driver 



80 



HD66108T 

I 1 



HD61202 



HD61102 



Column Driver 



HD44102H 



(Built in RAM) 



-- 40 

-- 20 
-Static 



1/8 



1/16 



1/32 



1 1 1 1 1 1 

1/64 1/128 1/200 1/480 
1/100 Duty 1/240 



-h 20 
32 
- - (-40- 

--60 



HD44100H 



HD66100F 



HD61200 



-J- 



HHD61100A 



80 



HD61104h- 
HD66204/HD61104AH 



HD66106F 



160 
Driver Output 



Column Driver 



HD66107T 



Selection Guide 



Hitachi LCD Driver System 



Type 



Reference 
Figure 



Screen 
Size (max) 



Lineup 



Application 



TFT 

Full Color 
System 



HD6110S 
(Gate 
Driver) 



(800 x 3) x 520 
dots 



HD66310T(Drain) 

HD61105(Gate) 

HD66205(Gate) 



Personal Com- 
puter 

Terminal Work- 
station 

Navigation Sys- 
tem 



STN 

Full Color 
System 




HO66107T 
(Common 



H066107T 
(Column 



(720 x 3) x 480 HD66850F(Controller) Personal Corn- 
dots HD66107T puter 

(Column, Common) Terminal 

Work-station 



Color 

LCD-TV 

System 



HD61105 
(Gate 



H066300T 
(Drain 



720x480 dots 



HD66300T(Drain) 

HD61105(Gate) 

HD66205(Gate) 



LCD-TV 
Portable Video 





^Displayjjj 




|HD66840| LCO 
itVIC I 1 Moduie 



Video to 
LCD 

converter 



720x512 dots 



HD66840F, HD66841F 

HD66106F(Driver) 

HD66107T(Driver), 

HD61104(Column)/ 

61 105(Common) 

HD66204(Column)/ 

66205(Common) 



Personal Com- 
puter, Terminal, 
OHP 



Display 
System 
for CRT 
Compatible 



a 



HD61104 



640x400 dots 



HD63645F/64645F/ 

64646FS(Controller) 

HD61104(Column)/ 

61 105(Common) 

HD66204(Column)/ 

66205(Common) 

HD66106F( Driver) 



Personal Com- 
puter, Word- 
processor, Ter- 
minal 



Graphic 
Display 
System 



9 LOVE 



Character 
80x16 
Graphic 
480x1 28 dots 



HD61100A(Column), 
HD61830B(Control1er) 
HD61200(Column) 
HD61103A(Common), 
HD61 203(Common) 



Laptop Computer, 
Facsimile, Telex, 
Copy machine 



Graphic 
Display 
System 
(Bitmap) 



HD6 1 203 (Common Driver) 



H © 

i — r 



480x1 28 dots 



HD44102CH(Column)/ 

61102(Column) 

HD44103CH(Common) 

HD61202(Column) 

HD44105H(Common)/ 

61103A(Common) 

HD61203(Common) 

HD66108T 

(Column/Common) 



Laptop Computer, 
Handy Word- 
processor, Toy 



Character 

Display 

System 



|cpu - 



HD44780 (Controller) 



TOKYO 

ill! 



HD86100F/ 
HD44100H 
(Columm Driver) 



40 Charac- 
ters 

x2 Columns 
80 Charac- 
ters 

x1 Column 



HD44780(LCD- II ) 

(Controller/Driver) 

HD66780(LCD- II A) 

(Controller/Driver) 

HD44100H(Column) 

HD66100F(Column) 



Electrical Type- 
writer, Multifunc- 
tion Telephone, 
Handy Terminal 



Segment 

Display 

System 



BHD81602/HD61604 
- (Controller/Driver) 



pen 



25 Digits 
x1 Column 



HD61602 

(Controller/Driver) 

HD61604 

(Controller/Driver) 

HD61603 

(Controller/Driver) 

HD61605 

(Controller/Driver) 



ECR, Measure- 
ment System, 
Telephone 
Industrial Mea- 
surement System 



HITACHI 

14 Hitachi America, Ltd. • Hitachi Plaza* 2000 Sierra Point Pkwy. » Brisbane, CA 94005-1819 • (415) 589-8300 



Selection Guide 



Application 

Character and Graphic Display 

1 character =7 X 8 dot (15 X 7 dot + cursor) 



Character 

\0m MM CVw %wl 

Line 


8 


16 


20 


24 


32 


40 


Over 80 


1 










HD66100F 






2 














3 










HD44100H 






4 














6 to 8 
















1 2 to 1 5 


HD61200 (Column) + HD61203 (Common) 


16 to 25 


HD61 104 (Column) + HD61 105 (Common) 
HD66204 (Column) + HD66205 (Common) 
HD66106F, HD66107T 


26 to 50 



Graphic Display 



Horizontal 
Vertical 


48 


96 


120 


180 


240 


480 


Over 640 


16 
32 
48 
64 
128 
400 
Over 400 


HD61202 (Column) + HD61203 (Common) 




HD61 104 (Column) + HD61 105 (Common) 
HD66204 (Column) + HD66205 (Common) 
HD66106F, HD66107T 





Note: Applications on this page are only examples, and this combination of devices is not the best. 
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Differences Between Products 



1. HD66100F and HD44100H 



HD66100F HD44100H 



LCD drive circuits 


80 


20x2 


Power supply for internal logic (V) 


3 to 6 


4.5 to 11 


Display duty 


Static to 1/16 


Static to 1 /32 


Package 


100 pin plastic QFP 


60 pin plastic QFP 



2. HD61100A and HD61200 





HD61100A 


HD61200 


LCD drive circuits common 






column 


80 


80 


Display duty 


static to 1/128 


1/32 to 1/128 


Power supply for LCD drive circuits (V) 


Oto 17 


8 to 17 


Power supply limits of LCD driver 


Vcc to Vee 


shown in figures below 


circuit voltage 


(no limit) 





Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when load current flows through 
one of the terminals Yi to Yso is specified 



under the following conditions: 
V cc _V EE =i7V 

V1L=V1R, V3L=V3R=V cc -2/7 (V C c-V E e) 
V2L=V2R, V4L^V4R=V EE + 2/7 (V CC -Vee) 



V1L,V1R- 
V3L,V3R- 
V4L,V4R - 
V2L,V2R- 



-o — o- 



Ron 

-A/W- 

■AMr 



-WV- 



-wv- 



^ Terminal Y 
; (Yt to Y 80 ) 



Figure 1 Resistance between Y ard V Terminals 



The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1L = 
V1R and V3L=V3R and negative voltage to 



V2L=V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice the AV depends 
on power supply voltage Vcc -Vee. 



Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 



V1 (V1L=V1R) 
V3 (V3L = V3R) 



— V4(V4L = V4R) 
V2 (V2L = V2R) 



5.5 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




V CC -V EE (V) 
Correlation between Power 
Supply Voltage V C c"V EE and AV 



16 



Figure 2 Power Supply Voltage Range 
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Differences Between Products 



3. HD66100F and HD61100A 





HD66100F 


HD61100A 


LCD driver circuits common 






column 


80 


80 


Power supply for LCD drive circuits (V) 


3 to 6 


5.5 to 17.0 


Display duty 


static to 1/16 


static to 1/128 


Operating frequency (MHz) 


1 .0 MHz (max) 


2.5 MHz (max) 


Data fetch method 


Shift 


Latch 


Package 


1 00 pin Plastic 
QFP(FP-100) 


100 pin plastic QFP 
(FP-100) 



4. HD61830 and HD61830B 





HD61830 


HD61830B 


Oscillator 


Internal 


External 


Operating frequency (MHz) 


1.1 MHz 


2.4 MHz 


Display duty 


static to 1/128 


static to 1/128 


Programmable screen size (Max) 


64x240 dots 
(1/64 duty) 


128x480 dots 
(1/64 duty) 


Other 


pin 6:C 
pin 7 : R 
pin 9:CPO 


pin 6:CE 
pin 7:OE 
pin 9:NC 


Package Marking ® (D 





Lot No. 



03E1 



HD61830A00 




\ 

® 



Figure 3 Package Marking 
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Differences Between Products 



5. HD6U02 and HD61202 





HD61102 


HD61202 


Display duty 


static to 1 /64 


1/32 to 1/64 


Recommended voltage between 
VccandV EE (V) 


4.5 to 15.5 


8 to 1 7 


Power supply limits of LCD driver 
circuits voltage 


Vcc to Vee (no limit) 


shown in following fig- 
ures 


Pin 88 


DY (output) 


NC (no connection) 


Absolute maximum rating of Vee (V) 


Vcc- 17.0 to 
Vcc+0.3 


Vcc- 19 to 
Vcc+0.3 



Resistance between terminal Y and terminal V (one of V1 L f V1 R, V2L, V2R, V3L, V3R, V4L and V4R) 
when load current flows through one of the terminals Yi to Y64 is specified under the following 
conditions: 

V cc -v E E=15V 

V1L=V1R, V3L=V3R=Vcc-2/7 (Vcc-Vee) 
V2L=V2R, V4L=V4R=V EE +2/7 (Vcc-Vee) 



V1L,V1R - 
V3L,V3R • 
V4L,V4R - 

V2LV2R ■ 



■A/W 



-AAAr 



•AAAr 



Terminal Y 
(Yi to Y 64 ) 



Figure 4 Resistance between Y and V Terminals 



The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to V1L= 
V1R and V3L=V3R and negative voltage to 



V2L=V2R and V4L=V4R within the AV ran- 
ge. This range allows stable impedance on 
driver output (Ron). Notice that AV depends 
on power supply voltage Vcc— Vee- 



AV 



AV 



Vcc 

V1 (V1L=V1R) 
V3 (V3L=V3R) 



Correlation between Driver 
Output Waveform and Power 
supply Voltages for Liquid 
Crystal Display Drive 



- V4(V4L= 

- V2(V2L= 
" V EE 



V4R) 
V2R) 



5.0 



> 

< 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




8 

Vcc-Vee (V) 
Correlation between Power 
Supply Voltage V C c-V EE and AV 



17.0 



Figure 5 Power Supply Voltage Range 
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6. HD61103A and HD61203 





HD61103A 


HD61203 


Recommended voltage between 
Vcc and V EE (V) 


4.5 to 17 


8 to 17 


Power supply limits of LCD drive 
circuits voltage 


Vcc to Vee (no limit) 


shown in figures below 


Output terminal 


shown in following figure 4 


shown in following figure 5 



Resistance between terminal Y and terminal 
V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L 
and V6R) when load current flows through 
one of the terminals XI to X64. This value is 
specified under the following conditions: 



V cc -v E e = 17V 

V1L=V1R, V6L=V6R=Vcc-l/7 (V C c-V EE ) 
V2L=V2R, V5L=V5R=V EE +l/7 (Vcc -Vee) 



V1L,V1R ■ 
V6L,V6R ■ 
V5UV5R • 
V2L,V2R • 



Ron 

-A/W 



AAAr 



-VW 



-AAAr 



Terminal Y 
(Yi to Y 64 ) 



Figure 6 Resistance between Y and V Terminals 



Here is a description of the range of power 
supply voltage for liquid crystal display drive. 
Apply postive voltage to V1L= V1R and V6L = 
V6R and negative voltage to V2L=V2R and 



V cc 


AV 




_ V1 (V1L =V 1R) 
L V6(V6L=V6R) 






AV 




V5(V5L=V5R) 

V2(V2L=V2R) 


Vee 



Figure 7 Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 



V5L=V5R within the AV range. 
This range allows stable impedance on driver 
output (Ron). Notice that AV depends on 
power supply voltage Vcc— Vee- 



3.5 



The Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Vcc-Vee(V) 



Figure 8 Correlation between Power 
Supply Voltage Vcc— Vee and 
AV 
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R. 



Figure 9 HD61103A Output Termiral 



7. HD61602, HD61603, HD61604, and HD61605 





HD61602 


HD61603 


HD61604 


HD61605 


Power supply (Vdd) 


2.2-5. 5V 


2.2-5. 5V 


4.5-5.5V 


4.5-5.5V 


Instruction word 


8 bits x 2 


4 bits x 4 


8 bits x 2 


4 bits x 4 


LCD power supply circuit 


Yes 








Segment terminals 


51 


64 


51 


64 


Display size Static 
frame frequency 


6 digits + 3 marks 
33Hz 


8 digits 
33Hz 


6 digits + 3 marks 
98Hz 


8 digits 
98Hz 


(fosc = 100 kHz) 1/2 duty 


1 2 digits + 6 marks 
65Hz 




1 2 digits + 6 marks 
195Hz 




1/3 duty 


1 7 digits 
208Hz 




1 7 digits 
521Hz 




1/4 duty 


25 digits + 4 marks 
223Hz 




25 digits + 4 marks 
781Hz 
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8. HD44780 LCD-II and HD66780 LCD-II A 



Item 




LCD-II (HD44780) 


LCD- II A (HD66780) 


Note 


Display RAM 
(Maximum number of 
display characters) 




80 bytes (80 characters) 






Character generator ROM 
(kinds of characters) 




7200 bits 
1 92 characters 
5x7; 160 characters 
5x 10; 32 characters 


1 2000 bits 
240 characters 
5x10; 240 Characters 




Character generator RAM 
(Number of characters) 




64 bytes (8 characters) 






LCD driving terminals 
(Maximum number of 
display characters/ 
unit) 




1 6 COMs 

40 SEGs 

( 1 6 characters) 






Character font 
(with a cursor) 




5x8 dots 
5x11 dots 






Multiplexing duty ratio 




1/8, 1/11, 1/16 


Same as LCD- II 




* 1 LCD driving voltage 


1/4 bias 


3.0 to 11 (V) 


3.0 to V cc (V) 


Vcc to V 5 




1/5 bias 


4.6 to 11 (V) 


3.0toV CC (V) 




* 1 LCD driving waveform 




waveform A 


waveform B 


Shown follow- 
ing figures 


* Bus timing 




1, 1.5MHz 


2MHz 




Instruction codes 




1 1 instructions 






Power-on reset circuit 




Yes 






Oscillator 
(Frequency) 




Ceramic filter, Rf, 
external clock 
(250 kHz) 






Interface 




HD44100H 


HD44100H or HD66100F 


Package 




FP-80, FP-80A, TFP-80* 2 


FP-80, FP-80A 





Note: * 1 Indicates the modified items in LCD- II A. 
*2 Underdevelopment 



Segment 



Common-segment 



1 i 
i 

jinfjinl - 



■n 



Segment 



Common-segment 



h 






_ 


1 1 frame i 1 frame 
I i 



n 



u 



Figure 11 Waveform A (1/3 Duty, 1/3 Figure 12 Waveform B (1/3 Duty, 1/3 
Bias) Bias) 
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9. HD61104, HD61104A and HD66204 





HD61104 HD61104A 


HD66204 


LCD drive circuits 


80 80 


80 


Data transfer rate (MHz) 


3.5 3.5 


8 


Power supply for LCD drive circuits (V) 


10 to 26 10 to 28 


10 to 28 


Display off function 


No No 


Yes 


10. HD61105, HD61105A and HD66205 






H D61 1 05 H Dol 1 USA 


HD66205 


LCD drive circuits 


80 80 


80 


Power supply for LCD drive circuits (V) 


10 to 26 10 to 28 


1 fi tn ?ft 


Display off function 


No No 




11. HD66106F and HD61104 








HD66106F 


HD61104 


LCD drive circuits voltage 


+ 14 to +35 (Vlcd-GND) 


-10 to -26 (Vcc-Vee) 


Display Duty 


1/100 to 1/400 


1/64 to 1/200 


Operating frequency (MHz) 


6.0 MHz 


3.5 MHz 


Function 


column and common driver 


column driver 


12. HD66106F and HD66107T 








HD66106F 


HD66107T 


LCD drive circuits 


80 


160 


Data transfer 


4-bits 


A. Kite /ft hi-t-c 


Operating frequency (MHz) 


6 


8 


Power supply for LCD drive circuits 


14 to 37 


14 to 37 


Packge 


100-pin plastic 
QFP(FP-100A) 


1 92-pin TAB 


13. HD63645F, HD64645F and HD64646FS 




HD63645F 


HD64645F 


HD64646FS 


CPU interface 68 family 


80 family 


80 family 


Package 80-pin plastic 
QFP(FP-80) 


80-pin plastic 
QFP (FP-80) 


80-pin plastic 
Lirr (rr-oUM) 


Other - 




HD64646 has another LCD 
drive interface in HD64645 


14. HD66840F and HD66841F 








HD66840F 


HD66841F 


Frame-based thinning control 


Each line 


Each dot and each line 


Display mode 16 


Single screen 

Both sides X/Y driver 

Horizontal stripe 


Dual screen 

One sides X/Y driver 

Vertical stripe 


Gray-scale palette 


No 


8 registers 
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Section Two 

General Information II 

• TCP (Tape Carrier Package) 
• Package Information 

• Reliability and Quality Assurance 

• Reliability Test Data of LCD Drivers 

• Flat Plastic Package (QFP) Mounting Methods 
• Liquid Crystal Driving Methods 
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TCP (Tape Carrier Package) 



1 Overview 

Hitachi is developing TCP-applied LCD driver LSIs in response to the following situation. 

Because LCDs are improving yearly, they have become second only to CRTs in terms of screen 
size and display quality. At the same time, LCD driver LSIs have also been improving in terms of 
voltage-resistivity and the number of pins. 

At present, LCD screens with a maximum of 640x480 dots has been put into practical use, 
matching the size of conventional high-definition CRT display screens. Availability of this screen 
size promotes the development and improvement of new application fields such as laptop personal 
computers, portable word processors, and the like. 

In the light of the above, higher performance has been demanded of LCD driver LSIs, especially 
in regards to LCD driving voltage, operating speed, and the number of pins. In fact, certain 
manufacturers of portable devices employing LCDs demand 1-mm-thick packages having a 
relatively large number of pins. 

TCP packages have the advantages of being able to allow extra thin mounting and less restricted 
design of connecting leads, while in contrast, conventional packages utilizing wire bonding 
methods such as QFP require a relatively large area for board mounting, thus preventing thin and 
high-density mounting. 

TCP packaging is also called "film carrier" since the wiring r>attern for each product is formed 
continuously on a film-base tape. 

TCP features are listed below. 

• Great reduction in mounting size 

• Increased number of pins for LSI devices 

• Power-on burn-in possible 

• TCP (Tape Carrier Package) 

Photograph 1 shows the TCP tape exterior and figure 1 shows TCP structure. 



Copper leaf 

Solder resist Molding agent 



\. \/ \Bump ~ 
\. \ Adhesive agent 
\ Film base 



Photograph 1 TCP Exterior Figure 1 TCP Structure (Cross Section) 
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1.1 Bump Formation 



Although LSI electrodes and package leads are wired with Au-wire bonding for QFP, Au bumps 
formed on LSI electrodes (Al pads) and inner leads prefabricated on tape are thermo-compressed 
and bonded together for TCP. This method is called "inner-lead bonding" or ILB for short. 

Figure 2 shows the sequence for Au bump formation. 



Al pad 




r 


Final passivation 


1 


i 



*UBM 




Through-hole formation 





UBM etching 



*UBM: Under-bump metal 



Figure 2 Au Bump Formation 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 



25 



TCP 



1.2 Reliability Test Data 

The result of the reliability test on TCP products are shown in table 1 through 3. 





Table 1 HD66107T Reliability Test Result 




Test item 


Test condition 


Result 


Remarks 


Operation at high 
temperature 


las125 O, Vqq=5.5 V 
t*1000h 


A/OA 




Standing at high 
temperature 


Ta-125'C, t*1000h 


0/22 




Standing at low 
temperature 


Ta=-55'C, t=1000h 


0/22 




Standing at high 
temperature 


Ta=65'C, RH=95%, 
t=1000h 


0/45 




PCT 


Ta-121'C, RH=100%, t=60 h 


0/22 




Temperature cycle 


-40* to 85'C, 200 cycles 


0/45 




Thermal shock 


0* to 100'C, 15 cycles 


0/22 




Solder heat resistance 


260*0, 10 s 


0/22 


Only lead dipped 




Table 2 HD61105T Reliability Test Result 




Test item 


Test condition 


Result 


Remarks 


Operation at high 
temperature 


Ta-125'C, V CC *5.5V 
t*1000h 


0/32 




Standi nn at hiah 
temperature 


Ta-125'aUrlOOOh 


0/22 




Standing at low 
temperature 


Ta— 65°C, t=1 000 h 


0/22 




Standing at high 
temperature 


Ta=65*C, RH=95%, 
t=1000h 


0/45 




PCT 


Ta=121'C, RH=100%, t=60 h 


0/22 




Temperature cycle 


-40' to 85'C, 200 cycles 


0/45 




Thermal shock 


0'Cto 100'C, 15 cycles 


0/22 




Solder heat resistance 


260'C, 10 s 


0/22 


Only lead dipped 
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Table 3 Common Reliability Test Results of TCP 




Test item 


Test condition 


Result 


Remarks 


Severability 


230'C, 5 s, Rosin flux 


0/11 




Solvent resistance 


Isopropylalcohol, dipping for 
10min. 


0/11 




Salt spray 


5% NaCI aqueous solution, 
35'C, t«24h 


0/22 




Tensile strength of 
terminal 


2.5 kg/mm 2 , 1 s, 1 cycle 


0/11 


Input lead only 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 27 



TCP 



2 Standard Product Specifications 



2.1 Tape Design and Structure 

(1) Tape components 




Figure 3 Tape Components 



(2) Hitachi standard TCP product structure 

Hitachi can provide the standard TCP products listed in table 4 immediately. Figures 4 to 11 show 
the structure of each TCP product. 



Table 4 Hitachi Standard TCP Product Specifications 



No. 


Product 


Base Chip 


Function 


No. of 
outputs 


Outer Lead 
Pitch (um) 


Product 
Length* 


Tape 

Thickness 


1 


HD61104T02 


HD61104 


Column 
LCD driver 


80 


300 


6 


125 


2 


HD61105T02 


HD61105 


Common 
LCD driver 


80 


300 


6 


125 


3 


HD66107T00 


HD66107 


LCD driver 


160 


280 


12 


75 


4 


HD66107T01 






80 


280 


12 


75 


5 


HD66107T11** 






160 


180 


8 


75 


6 


HD66107T12" 






160 


250 


10 


75 


7 


HD66108T00 


HD66108 


Graphic 
LCD driver 


165 


400 


8 


75 


8 


HD66300T00 


HD66300 


TFT analog 
driver 


120 


300 


10 


75 


9 


HD66310T00 


HD66310 


TFT digital 
driver 


160 


180 


8 


75 



*: Number of perforations 
* * : Under development 
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14.25±0. 1 




Copper leaf (pattern) 


rrmnfr ■ \/ '\^mtiA 




.SoJder resist 






O.ISMAX 


' 'O' U 

^lape 



D-D' Cross-Sectional View 



Notes: 1 . Mark shah* be 

2. 



3. The figure betow 
vtew of the outer 



on potting n 
are ±0.1 rr 



shows a cross-sectionaf 




0.13±0.05 



Figure 4 Hitachi Standard TCP 1 -HD61104T02- 
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l4.ttO.1S 



□ □ 



±0.04 Upper and 
lower hole offset 



±0.05) 




v (Solder resist coated area) 



□ □ -E 



□ □ 



Copper leaf 




D-D' Cross-Sectional View 



Notes: 1 . Mark shall be stamped on potting resin. 

2. Dimensional tolerances are ±0. 1mm 
unless otherwise noted. 

3. The figure below shows a cross-sectional 
view of the outer lead bonding area. 



O.I 3 ±0.05 Units: mm 



Figure 5 Hitachi Standard TCP 2 - HD61105T02 - 
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2. Diwanrtonrt totwncwm tO.Imm 

3. The figtira betow ahaww • c row wctioiTl 
view of the ovt#r laid bondtno. mi< 




11 1± 1.04 



Figure 6 Hitachi Standard TCP 3 -HD66107T00- 
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0.2PXI5 23. tlUS- 




□ □ □ £l 



□ 

Q □ □ 



c: 



34-l.3S18.05 I 

□ □ □ □ □ 



rfl.e-tO.OSCuh 



-r-18.25 
- 1.7510.1 



-a « ' 



(SR) 
11210.3 
" >i!0.1 
,1S10J 
X 10.0 



□ □ err 



0.8>X 33 20. «± 0.05 



(4.75PX1Z 57.0) 




Noun: 1 . Mark shsN bt stomptd on potting twin. 

3 . Th# fioure bjriow shows • cfOoj9"Mction6f 
visw of tht out* toad bonding area. 



Figure 7 Hitachi Standard TCP 4 -HD66107T01- 
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0.IAPXI69 30. &2 ±0.0 



2-»2. 8 CoefeBJ! 




□ □ 



^.7t§.3«5f 



0.8PX35 ?8.0*Q,05 



K.75PX6 36.0 > 




±0.1 mm 
2. Thafigura 



3-«m 



Figure 8 Hitachi Standard TCP 5 - HD66107T11 - 
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□ 



Uwry 43.5 



0.25PXI65 41.25 tO.08 



"i f* ho r ^ > - t ** j "**- ww *^ 

□ [^iD MLJ u m D 



& 




0.SPX35 28.8 *Q05 



2. Th« figura twtow show* ( 







., 0.12 tQ.CK . 





Figure d Hitachi Standard TCP 6 -HD66107T12- 
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K ™*0 • 3B.0I 




Figure 10 Hitachi Standard TCP 7 - HD66108T00 - 
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Notes: 1 . Mark shall be stamped on potting resin. 

2. Dimensional tolerances are ±0.1 mm 
unless otherwise noted 

3. The figure below shows a cross-sectional 
view of the outer lead bonding area 




0. 13±0.05 



Figure 11 Hitachi Standard TCP 8 -HD66300T00- 
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(4.75x8 38) 
33.4 3-T-riT 

31-3tQQ6 




2. Tha iMd ctom mcUm o( ouur toad contact Mctiont it at 
-Coop* toll 



Figure 12 Hitachi Standard TCP 9 - HD66310T00 - 
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2.2 Product Delivery Specifications 

Specifications for product delivery to customers is described below. 
2.2.1 Tape Joint (Including Lead Tape Joint) 

TCP tape is cut into strips for aging and other purposes, after which they are again joined together. 
Joint specifications are given below (figure 13). 



□ □ □ □ 
|User| 
pattern 



Add 



o □ □ □ 



User) 
pattern 



Joint tapes 



3.35, 6.0 or 12.2 mm 



Units: mm 



Note: Joint tape is affixed to both top and bottom surfaces of the joint. The 
joint must not be twisted or subjected to a large stresses. 



Figure 13 Tape Joint 



2.2.2 Mark 



Hitachi control code, made up of three or six digits, is marked on potting resin as shown in figure 
14. The HD66108T00 is marked on top of the solder resist. 



Die center 



Molding area 



Figure 14 Mark Pattern 
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2.2.3 Packing 



Antistatic sheet 




Figure 15 Packing 
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(1) Delivery 

A reel wound with carrier tape is sealed in an opaque antistatic sheet with N2 and packed into a 
carton before delivery. 

(2) Tape 

I. Carrier tape: 40 m 

II. Lead tape: 2+0/-1 m added to both ends of the carrier tape 

III. Conductive tape: 40 m 

IV. Separator: 40 m 

V. Tape is wound with its pattern surface on the inside. 

Note: The length of I, III, and IV may vary slightly depending on the number of products 
contained on the tape. 

(3) Request for Recovery of Packing Material 

Please return the separator, lead tape, and reel to us after using the TCP product. 
Detailed return procedures will be advised by our Sales Department. 
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(3) Reel 



,43 
.37 




+1 



Note: The shaft hole of the reel is slightly greater than the specified shaft size. 



Unit: mm 
Material: Styrole 



Figure 16 Reel Dimensions 

Note: LSIs dtermined defective during classification, assembly, or other processes are punched 
out. 



HITACHI 
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2.2.4 Storage Conditions 

(1) When storing in the original packing 

Store in normal atmospheric conditions, and use within 6 months of delivery. 

(2) Storage after opening 

Storage in a nitrogen atmosphere with a dew point of -30°C or below is recommended. 

2.2.5 Usage Notes for TCP Products 

(1) Prevention of Static Damage 

In addition to normal static preventive measures for IC circuits, observe the following precautions 
for TCP products. 

• Since TCP products have a film layer on their base, they acquire a static charge easily. In 
handling TCP products exert extra caution in the installation of ion blowers and grounding so 
that the film does not become charged. 

• At the same time as handling the circuits in a manner such that static electricity is not applied to 
the package leads, carry out static electricity damage prevention measures in the equipment, 
especially in the parts of the tape guide which contact the lead pins. 

(2) Lead Outer Coating 

The lead spacing of TCP products is significantly narrower than that of other products and 
shorting problems are more easily caused by conductive foreign elements such as stray solder or 
machinings. We recommend an outer coating of resin over the leads as a preventive measure. 

Also, to enable TCP products to be mounted at a high density, a conductive foil is bonded to the 
film, and wiring and leads are formed by precision manufacturing techniques. Therefore, it is 
possible that contamination of the foil with, for example, solder flux, may result in corrosion and 
broken connections. Thus, special care should be taken to avoid wiring and lead contamination 
when mounting TCP products by soldering or other methods. 

(3) Mechanical and Electrical Handling 

To reduce thickness, the back surface of the chip is exposed in TCP products. To prevent chip 
cracking or static damage, mount TCP products in a manner which results in no mechanical or 
electrical contact with the back surface of the chip. 

Since the wiring and leads on the TCP tape is fabricated from extremely thin copper foil, its 
mechanical strength is reduced. Mounting techniques and structures which apply strong external 
forces to the copper foil should be avoided. 

Also, to assure electrical characteristics, avoid direct exposure to sunlight. 
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(4) Unpacking 

• The copper foil is plated. To assure good solderability, use the products as soon after unpacking 
as possible. 

• Since TCP products use polyimide as their base film, the film expands when it absorbs 
moisture. Although the packaging is moisture proof, TCP products should be used as soon after 
opening as possible. 

(5) Other Items 

• We recommend the use of the sprocket holes in the stamped product parts in positioning TCP 
products during individual punching. 

• Since lead tape has a poor ability to withstand heat, and shrinks when heated, do not apply high 
temperatures to the lead tape. 

• Bending TCP products can introduce cracks in the solder resist. Care should be taken to avoid 
bending when handling TCP products. 

• When stacking TCP product boxes (the original packaging) for storage, do not stack more than 
10 high. 

• Do not apply large mechanical shocks to TCP product packaging. 
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Package Information 

The Hitachi LCD driver devices use plastic 
flat packages to reduce the size of the 

Package Dimensions 



equipment in which they are incorporated 
and provide higher density mounting by util- 
izing the features of thin liquid crystal display 
elements. 
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1. Views on Quality and Reliability 

Hitachi's basic quality aims are to meet indi- 
vidual user's purchase purpose and quality 
required, and to be at a satisfactory quality 
level considering general marketability. 
Quality required by users is specifically clear 
if the contract specification is provided. If not, 
quality required is not always definite. In 
both cases, Hitachi tries to assure reliability 
so that semiconductor devices delivered can 
perform their function in actual operating 
circumstances. To realize this quality in the 
manufacturing process, the key points should 
be to establish a quality control system in the 
process and to enhance the quality ethic. 
In addition, quality required by users of 
semiconductor devices is going toward 
higher levels as performance of electronic 
system in the market is increasing and 
expanding in size and application fields. To 
cover the situation, Hitachi is performing the 
following: 

1. Building in reliability in design at the stage 
of new product development. 

2. Buliding in quality at the sources of the 
manufacturing process. 

3. Executing stricter inspection and reliabil- 
ity confirmation of final products. 

4. Making quality levels higher with field 
data feedback. 

5. Cooperating with research laboratories for 
higher quality and reliability. 

With the views and methods mentioned 
above, utmost efforts are made to meet users' 
requirements. 

2. Reliability Design of Semiconductor 
Devices 

2.1 Reliability Targets 

The reliability target is the important factor 
in manufacture and sales as well as perfor- 
mance and price. It is not practical to rate 
reliability targets with failure rates under 
certain common test conditions. The reliabil- 
ity target is detennined corresponding to the 
character of equipment taking design, man- 
ufacture, inner process quality control, 
screening and test method, etc. into consid- 
eration, and considering the operating cir- 
cumstances of equipment the semiconductor 
device is used in, reliability target of the 
system, derating applied in design, operating 
condition, maintenance, etc. 

2.2 Reliability Design 

To achieve the reliability required based on 
reliability targets, timely study and execution 



of design standardization, device design (in- 
cluding process design, structure design), 
design review, reliability test are essential. 

2.2.1 Design Standardization 

Establishment of design rules, and standard- 
ization of parts, material and process are 
necessary. To establish design rules, critical 
quality and reliability items are always stud- 
ied at circuit design, device design, layout 
design, etc. Therefore, as long as standard- 
ized process, material, etc. are used, reliability 
risk is extremely small even in newly devel- 
oped devices, except in cases where special 
functions are needed. 

2.2.2 Device Design 

It is important in device design to consider 
the total balance of process design, structure 
design, circuit and layout design. Especially 
when new processes and new materials are 
employed, careful technical study is executed 
prior to device development. 

2.2.3 Reliability Evaluation by Test Site 

Test site is sometimes called test pattern. It is 
a useful method for design and process reli- 
ability evaluation of ICs and LSIs which have 
complicated functions. 

Purposes of test site are: 

• Making fundamental failure mode clear 

• Analysis of relation between failure mode 
and manufacturing process condition 

• Search for failure mechanism analysis 

• Establishment of QC point in manufactur- 
ing 

Evaluation by test site is effective because: 

• Common fundamental failure mode and 
failure machanism in devices can be 
evaluated. 

• Factors dominating failure mode can be 
picked up, and comparison can be made 
with processes that have been experienced 
in field. 

• Relation between failure causes and man- 
ufacturing factors can be analyzed. 

• Easy to run tests. 

• Etc. 

2.3 Design Review 

Design review is an organized method to 
confirm that a design satisfies the required 
performance (including users') and that 
design work follows the specified methods, 
and whether or not improved technical items 
accumulated in test data of individual major 
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fields and field data are effectively built in. In 
addition, from the standpoint of enhance- 
ment of the competitive power of products, 
the major purpose of the design review is to 
ensure quality and reliability of the products. 
In Hitachi, design reviews are performed 
from the planning stage for new products 
and even for design changed products. Items 
discussed and determined at design review 
are as follows: 

1. Description of the products based on 
specified design documents. 

2. From the standpoint of the specialties of 
individual participants, design documents 
are studied, and if unclear matter is found, 
calculation, experiments, investigation, 
etc. will be carried out. 

3. Determine contents of reliability and 
methods, etc. based on design documents 
and drawings. 

4. Check process ability of manufacturing 
line to achieve design goal. 

5. Discussion about preparation for produc- 
tion. 

6. Planning and execution of subprograms 
for design changes proposed by individual 
specialists, and for tests, experiments and 
calculation to confirm the design changes. 

7. Reference of past failure experiences with 
similar devices, confirmation of methods to 
prevent them, and planning and execution 
of test programs for confirmation of them. 
These studies and decisions are made 
using check lists made individually de- 
pending on the objects. 

3. Quality Assurance System of Semi- 
conductor Devices 

3.1 Activity of Quality Assurance 

General views of overall quality assurance in 
Hitachi are: 

1. Problems in an individual process should 
be solved in the process. Therefore, at final 
product stage, the potential failure factors 
have been already removed. 

2. Feedback of information should be used to 
ensure satisfactory level of process capa- 
bility. 

3. To assure required reliability as a result of 
the items mentioned above is the purpose 
of quality assurance. 

The following discusses device design, qual- 
ity approval at mass production, inner proc- 
ess quality control, product inspection and 
reliability tests. 

3.2 Quality Approval 

To ensure required quality and reliability, 
quality approval is carried out at the trial 



production stage of device design and the 
mass production stage based on reliability 
design as described in section 2. 
Hitachi's views on quality approval are: 

1. A third party must perform approval 
objectively from the standpoint of cus- 
tomers. 

2. Fully consider past failure experiences and 
information from the field. 

3. Approval is needed for design change or 
work change. 

4. Intensive approval is executed on parts 
material and process. 

5. Study process capability and variation 
factor, and set up control points at mass 
production stage. 

Considering the views mentioned above, 
figure 1 shows how quality approval is per- 
formed. 

3.3 Quality and Reliability Control at 
Mass Production 

For quality assurance of products in mass 
production, quality control execution is 
divided organically by function between 
manufacturing department and quality 
assurance department, and other related 
departments. The total function flow is 
shown in figure 2. The main points are de- 
scribed below. 

3.3.1 Quality Control of Parts and Mate- 
rial 

As the performance and the reliability of 
semiconductor devices improve, the impor- 
tance of quality control of material and parts 
(crystal, lead frame, fine wire for wire bond- 
ing, package) to build products, and materials 
needed in manufacturing process (mask pat- 
tern and chemicals) increases. Besides quality 
approval on parts and materials stated in 
section 3.2, the incoming inspection is also 
key in quality control of parts and materials. 
The incoming inspection is performed based 
on an incoming inspection specification, fol- 
lowing purchase specification and drawings, 
and sampling inspection is executed based 
mainly on MIL-STD-105D. 
The other activities of quality assurance are 
as follows: 

1. Outside vendor technical information 
meeting 

2. Approval on outside vendors, and guid- 
ance of outside vendors 

3. Physical chemical analysis and test 

The typical check points of parts and mate- 
rials are shown in table 1. 
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3.3.2 Inner Process Quality Control 

Inner process quality control performs a very 
important function in quality assurance of a 
semiconductor devices. The following is a 
description of control of semifinal products, 
final products, manufacturing facilities, 
measuring equipments, circumstances and 
submaterials. The quality control in the 
manufacturing process is shown in figure 3 
corresponding to the manufacturing process. 

1. Quality Control of Semifinal Products and 
Final Production Products 
Potential failure factors of semiconductor 
devices should be removed in manufac- 
turing process. To achieve this, check 
points are setup in each process, and 
products that have potential failure factors 
are not transferred to the next process. For 
high reliability semiconductor devices, 
especially manufacturing line is carefully 
selected, and the quality control in the 



manufacturing process is tightly executed: 
Strict check on each process and each lot, 
100% inspection to remove failure factor 
caused by manufacturing variation, and 
necessary screening, such as high tem- 
perature aging and temperature cycling. 
Contents of inner process quality control 
are: 

• Condition control on individual equip- 
ment and workers, and sampling check 
of semifinal products. 

• Proposal and carrying-out of work 
improvement 

• Education of workers 

• Maintenance and improvement of yield 

• Detection of quality problems, and exe- 
cution of countermeasures 

• Transmission of information about qual- 
ity 

2. Quality Control of Manufacturing Facilities 
and Measuring Equipment 
Equipment for manufacturing semicon- 
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ductor devices have been developing 
extraordinarily, with required high per- 
formance devices and production in- 
provements. They are important factors to 
determine quality and reliability. In Hita- 
chi, automation of manufacturing equip- 
ment is promoted to improve manufactur- 
ing variation, and controls maintain proper 
operation and function of high perfor- 
mance equipment. Maintenance inspec- 
tion for quality control is performed daily 
based on related specifications, and also 
periodical inspections. At the inspection, 
inspection points listed in the specification 
are checked one by one to avoid any om- 
issions. During adjustment and mainte- 
nance of measuring equipment, mainte- 



nance number and specifications are 
checked one by one to maintain and 
improye quality. 

3. Quality Control of Manufacturing Circum- 
stances and Submaterials 
Quality and reliability of semiconductor 
devices is greatly affected by manufactur- 
ing process. Therefore, manufacturing cir- 
cumstances (temperature, humidity, dust) 
and the control of submaterials (gas, pure 
water) used in manufacturing process are 
intensively controlled. Dust control is de- 
scribed in more detail below. 
Dust control is essential to realize higher 
integration and higher reliability of 
devices. In Hitachi, maintenance and 



Process 



Quality Control 



Method 





Material, Parts 


Material, 




Parts 






nspectionV. 




c of Material >- 




Inspection on Material and 
Parts for Semiconductor 
Devices 



Manufacturing Equipment, 
Environment, Submaterial, 
Worker Control 



Inner Process Quality 
Control 



100% Inspection of 
Appearance and Electrical 
Characteristics 



Sampling Inspection of 
Appearance and Electrical 
Characteristics 



Reliability Test 



Claim 
Field Experience 
General Quality 
Information 



} Quality Information 



Lot Sampling, 
Confirmation of 
Quality Level 



Confirmation of 
Quality Level 



Lot Sampling, 
Confirmation of 
Quality Level 



Testing, 
Inspection 



Lot Sampling 



Confirmation of 
Quality Level, 
Lot Sampling 



Feedback of 
Information 



Figure 2 Flowchart of Quality Control in Manufacturing Process 
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improvement of cleanness and manufac- 
turing site cleanness are executed paying 
close attention to buildings, facilities, air- 
conditioning systems, packaging mate- 
rials, clothes, work, etc., and periodical 
inspection for floating dust in room, falling 
dust, and floor dust. 

3.3.3 Final Product Inspection and Reli- 
ability Assurance 

1. Final Product Inspection 

Lot inspection is done by quality assur- 
ance department for products that were 
judged to be 100% good in tests, which is 



the final process in the manufacturing 
department. Though 100% good products 
is expected, sampling inspection is 
executed to prevent inclusion of failed 
products by mistake, etc. The inspection is 
executed not only to confirm that the 
products meet users' requirements, but to 
consider potential trouble factors. Lot 
inspection is executed based on MIL-STD- 
105D. 

1. Reliability Assurance Tests 

To assure reliability of semiconductor 
devices, periodical reliability tests and 
reliability tests on individual manufactur- 
ing lots required by user are performed. 



Table 1 Quality Control Check Points of Material and Parts 
(Example) 



Material, Parts 


Important Control Items 


Points to Check 


Wafer 


Appearance 
Dimension 
Sheet resistance 
Defect density 
Crystal axis 


Damage and contamination on surface 

Flatness 

Resistance 

Defect numbers 


Mask 


Appearance 
Dimension 
Registration 
Gradation 


Defect numbers, scratch 
Dimension level 

Uniformity of gradation 


Fine wire for wire bond- 
ing 


Appearance 

Dimension 

Purity 

Elongation ratio 


Contamination, scratch, bend, twist 

Purity level 
Mechanical strength 


Frame 


Appearance 
Dimension 
Processing accuracy 
Plating 

Mounting characteristics 


Contamination, scratch 
Dimension level 

Bondability, solderability 
Heat resistance 


Ceramic package 


Appearance 
Dimension 
Leak resistance 
Plating 

Mounting characteristics 
Electrical characteristics 
Mechanical strength 


Contamination, scratch 
Dimension level 
Airtightness 

Bondability, solderability 
Heat resistance 

Mechanical strength 


Plastic 


Composition 


Characteristics of plastic material 




Electrical characteristics 
Thermal characteristics 
Molding performance 
Mounting characteristics 


Molding performance 
Mounting characteristics 
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1 — Package - 
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Figure 3 Example of Inner Process Quality Control 
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Figure 4 Process Flowchart of Field Failure 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-181 9 • (415) 589-8300 55 



Reliability Test Data of LCD Drivers 



1. Introduction 

The use of liquid crystal displays with micro- 
computer application systems has been 
increasing, because of their low power con- 
sumption, freedom in display pattern design, 
and thin shape. Low power consumption and 
high density packaging have been achieved 
through the use of the CMOS process and the 
flat plastic packages, respectively. 
This chapter describes reliability and quality 
assurance data for Hitachi LCD driver LSIs 



based on test data and failure analysis 
results. 

2. Chip and Package Structure 

The Hitachi LCD driver LSI family uses low 
power CMOS technology and flat plastic 
package. The Si-gate process is used for high 
reliability and high density. Chip structure 
and basic circuit are shown in figure 1, and 
package structure is shown in figure 2. 
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3. Reliability Test Results 

The test results of LCD driver LSI family are 
shown in Tables 1, 2, and 3. 



Table 1 Test Result 1, Higb Temperature Operation 
(Ta=125°C, Vcc=5.5V) 



Device 


Sample Size 


Component Hour 


Failure 


HD44100H 


40 


40,000 









HD44102H 


40 


40,000 









HD44103H 


40 


40,000 









HD44780 


90 


90,000 









HD66100F 


45 


45,000 









HD61100A 


80 


80,000 









HD61102 


50 


50,000 









HD61103A 


50 


50,000 









HD61200 


40 


40,000 









HD61202 


50 


50,000 









HD61203 


40 


40,000 









HD61104 


45 


45,000 









HD61105 


45 


45,000 









HD61830 


40 


40,000 









HD61830B 


40 


40,000 









HD63645 


32 


32,000 









HD64645 


32 


32,000 









HD61602 


38 


38,000 









HD61603 


32 


32,000 









HD61604 


32 


32,000 









HD61605 


32 


32,000 









HD66840 


45 


45,000 









Table 2 Test Result 2 
Test Item 


Test Condition 


Sample 
Size 


Component 
Hour 




Failure 


High temp, storage 


Ta = 150°C, 1000 h 


180 


1 80,000 







Low temp, storage 


Ta = -55°C, 1000 h 


140 


140,000 







Steady state humidity 


65°C, 95% RH, 1000 h 


860 


860,000 




1* 


Steady state humidity, biased 


85'C, 90% RH, 1000 h 


165 


1 70,000 




2* 


Pressure cooker 


121°C, 2 atm.100 h 


200 


20,000 








Note: *Aluminum corrosion 
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Table 3 Test Results 3 








Test Items 


Test Condition 


Sample Size 


Failure 


Thermal shock 


to 1 00°C 
1 cycles 


108 





Temperature cycling 


-55°C to 1 50°C 
1 cycles 


678 





Soldering heat 


260°C, 10 seconds 


283 





Resistance to VPS 


215°C, 30 seconds 


88 





Solderability 


230°C, 5 seconds 


140 








4. Quality Data from Field Use 

Field failure rate is estimated in advance 
through production process evaluation and 
reliability tests. Past field data on similar 
devices provides the basis for this estimation. 
Quality information from the users is indis- 
pensable to the improvement of product 



quality. Therefore, field data on products 
delivered to the users is followed up carefully. 
On the basis of information furnished by the 
user, failure analysis is conducted and the 
results are quickly fed back to the design and 
production divisions. 

Failure analysis results on MOS LSIs returned 
to Hitachi is shown in figure 3. 
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5. Precautions 

5.1 Storage 

It is preferable to store semiconductor 
devices in the following ways to prevent 
deterioration in their electrical characteris- 
tics, solderability, and appearance, or break- 
age. V 

1. Store in an ambient temperature of 5 to 30° 
C, and in a relative humidity of 40 to 60%. 

2. Store in a clean air environment, free from 
dust and reactive gas. 

3. Store in a container that does not induce 
static electricity. 

4. Store without any physical load. 

5. If semiconductor devices are stored for a 
long time, store them in unfabricated form. 
If their lead wires wires are formed 
beforehand, bent parts may corrode dur- 
ing storage. 

6. If the chips are unsealed, store them in a 
cool, dry, dark, and dustless place. 
Assemble them within 5 days after 
unpacking. Storage in nitrogen gas is 
desirable. They can be stored for 20 days 
or less in dry nitrogen gas with a dew 
point at -30°C or lower. Unpackaged 
devices must not be stored for over 3 
months. 

7. Take care not to allow condensation dur- 
ing storage due to rapid temperature 
changes. 

5.2 Transportation 

As with storage methods, general precau- 
tions for other electronic component parts are 
applicable to the transportation of semicon- 
ductors, semiconductor-incorporating units 
and other similar systems. In addition, the 
following considerations must be taken, too: 

1. Use containers or jigs whch will not induce 
static electricity as the result of vibration 
during transportation. It is desirable to use 
an electrically conductive container or 
aluminium foil. 

2. Prevent device breakage from clothes-in- 



duced static electricity. 

3. When transporting the printed circuit 
boards on which semiconductor devices 
are mounted, suitable preventive mea- 
sures against static electricity induction 
must be taken; for example, voltage built- 
up is prevented by shorting terminal cir- 
cuit. When a conveyor belt is used, prevent 
the conveyor belt from being electricajfy 
charged by applying some surface treat- 
ment. 

4. When transporting semiconductor devices 
or printed circuit boards, minimize 
mechanical vibration and shock. 

5.3 Handling for Measurement 

Avoid static electricity, noise, and surge 
voltage when measuring semiconductor 
devices are measured. Jt is possible to pre- 
vent breakage by shorting their terminal 
circuits to equalize electrical potential during 
transportation. However, when the devices 
are to be measured or mounted, their termi- 
nals are left open providing the possibility 
that they may be accidentally touched by a 
worker, measuring instrument, work bench, 
soldering iron, conveyor belt, etc. The device 
will fail if it touches something that leaks 
current or has a static charge. Take care not 
to allow curve tracers, synchroscopes, pulse 
generators, D.C. stabilizing power supply 
units, etc. to leak current through their ter- 
minals or housings. 

Especially, while testing the devices, take 
care not to apply surge voltage from the 
tester, to attach a clamping circuit to the 
tester, or not to apply any abnormal voltage 
through a bad contact from a current source. 
During measurement, avoid miswiring and 
short-circuiting. When inspecting a printed 
circuit board, make sure that there is no sol- 
dering bridge or foreign matter before turn- 
ing on the power switch. 
Since these precautions depend upon the 
types of semiconductor devices, contact 
Hitachi for further details. 
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Surface Mounting Package Han- 
dling Precautions 

1. Package temperature distribution 

The most common method used for mounting 
a surface mounting device is infrared reflow. 
Since the package is made of a black epoxy 
resin, the portion of the package directly 
exposed to the infrared heat source will 
absorb heat faster and thus rise in tempera- 
ture more quickly than other parts of the 
package unless precautions are taken. As 
shown in the example in figure 1, the surface 
directly facing the infrared heat source is 20° 
to 30°C higher than the leads being soldered 
and 40° to 50°C higher than the bottom of the 
package. If soldering is performed under 
these conditions, package cracks may occur. 

To avoid this type of problem, it is recom- 
mended that an aluminum infrared heat 
shield be placed over the resin surface of the 
package. By using a 2-mm thick aluminum 
heat shield, the top and bottom surfaces of 
the resin can be held to 175°C when the peak 
temperature of the leads is 240° C. 

2. Package moisture absorption 

The epoxy resin used in plastic packages will 
absorb moisture if stored in a high-humidity 
environment. If this moisture absorption 
becomes excessive, there will be sudden 
vaporization during soldering, causing the 
interface of the resin and lead frame to 
spread apart. In extreme cases, package 
cracks will occur. Therefore, especially for 
thin packages, it is important that moisture- 
proof storage be used. 

To remove any moisture absorbed during 
transportation, storage, or handling, it is 
recommended that the package be baked at 
125°C for 16 to 24 hours before soldering. 

3. Heating and cooling 

One method of soldering electrical parts is 
the solder dip method, but compared to the 
reflow method, the rate of heat transmission 
is an order of magnitude higher. When this 



method is used with plastic items, there is 
thermal shock resulting in package cracks 
and a deterioration of moisture-resistant 
characteristics. Thus, it is recommended that 
the solder dip method not be used. 
Even with the reflow method, an excessive 
rate of heating or cooling is undesirable. A 
rate in temperature change of less than 4°C/ 
sec is recommended. 

4. Package contaminants 

It is recommended that a resin-based flux be 
used during soldering. Acid-based fluxes 
have a tendency of leaving an acid residue 
which adversely affects product reliability. 
Thus, acid-based fluxes should not be used. 
With resin-based fluxes as well, if a residue is 
left behind, the leads and other package 
parts will begin to corrode. Thus, the flux 
must be thoroughly washed away. If cleans- 
ing solvents used to wash away the flux are 
left on the package for an extended period of 
time, package markings may fade, so care 
must be taken. 

The precautions mentioned above are gen- 
eral points to be observed for reflow. How- 
ever, specific reflow conditions will depend 
on such factors as the package shape, printed 
circuit board type, reflow method, and device 
type. For reference purposes, an example of 
reflow conditions for a QFP infrared reflow 
furnace is given in figure 2. The values given 
in the figure refer to the temperature of the 
package resin, but the leads must also be 
limited to a maximum of 260°C for 10 seconds 
or less. 



Of the reflow methods, infrared reflow is the 
most common. In addition, there is also the 
paper phase reflow method. The recom- 
mended conditions for a paper phase reflow 
furnace are given in figure 3. 
For details on surface mounting small thin 
packages, please consult the separate man- 
ual available on mounting. If there are any 
additional questions, please contact Hitachi, 
Ltd. 
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Figure 4 Recommended Paper Phase Reflow Conditions 
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Liquid Crystal Driving Methods 



Driving a liquid crystal at direct current trig- 
gers an electrode reaction inside the liquid 
cell, degrading display quality rapidly. The 
liquid crystal must be driven by alternating 
current. The AC driving method includes the 
static driving method and the multiplex driv- 
ing method, each of which has features for 
different applications. Hitachi has developed 
different LCD driver devices corresponding to 
the static driving method and the multiplex 
driving method. The following sections 
describe the features of each driving method/ 
the driving waveforms, and how to apply 
bias. 



1. Static Driving Method 

Figure 1 shows the driving waveforms of the 
static driving method and an example in 
which "4" is displayed by the segment 
method. The static driving method is the 
most basic method by which good display 
quality can be obtained. However, it is not 
suitable for liquid displays with many seg- 
ments because one liquid crystal driver cir- 
cuit is required per segment. 
The static driving method uses the frame 
frequency (1/tf) of several tens to several 
hundreds Hz. 
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Figure 1 Example of Static Drive Waveforms (Example of HD61602/HD61603) 
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2. Multiplex Driving Method 

The multiplex driving method is effective in 
reducing the number of driver circuits, the 
number of connections between the circuit 
and the display cell, and the cost when driv- 
ing many display picture elements/Figure 2 
shows a comparision of the static drive with 
the multiplex drive (1/3 duty cycle) in an 8- 
dight numeric display. The number of liquid 
crystal driver circuits required is 65 for the 
former and 27 for the latter. The multiplex 



drive reduces the number of driver circuits. 
However, greater multiplexing reduces the 
driving voltage tolerance. Thus, there are 
limits to the extent of multiplexing. 

There are two types of multiplex drive 
waveforms: A type and B type. A type, shown 
in figure 3, is used for alternation in 1 frame. B 
type is used for alternation in between 2 
frames (figure 4). B type has better display 
quality than A type in high multiplex drive. 
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Figure 2 Example of Comparision of Static Drive with Multiplex Drive 
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2.1. 1/2 Bias, 1/2 Duty Drive 

In the 1/2 duty drive method, 1 driver circuit 
drives 2 segments. Figure 5 shows an exam- 



ple of the connection to display '4' on a liquid 
crystal display of 7-segment type, and the 
output waveforms. 
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Figure 5 Example of Waveforms in 1/2 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.2 1/3 Bias, 1/3 Duty Cycle Drive 

In the 1/3 duty cycle drive, 3 segments are 
driven by 1 segment output driver. Figure 6 



shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 
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Figure 6 Example of Waveforms in 1/3 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.3 1/3 Bias, 1/4 Duty Cycle Drive 

In the 1/4 duty cucle drive, 4 segments are 
driven by 1 segment output driver. Figure 7 



shows an example of the connection to dis- 
play '4' on a liquid crystal display of 7-seg- 
ment type, and the output waveforms. 
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Figure 7 Example of Waveforms in 1/4 Duty Cycle Drive (B type) (Example of 
HD61602) 
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2.4 1/4 Bias, 1/8 Duty Cycle Drive 
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Figure 8 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of LCD- 
II) 
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2.5 1/5 Bias, 1/8 Duty Cycle Drive 
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Figure 9 Example of Waveforms in 1/8 Duty Cycle Drive (A type) (Example of 
HD44100H) 
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2.6 1/5 Bias, 1/16 Duty Cycle Drive 
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Figure 10 Example of Waveforms in 1/16 Duty Cycle Drive (A type) (Example of LCD- 
II) 
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2.7 1/5 Bias, 1/32 Duty Cycle Drive 
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Figure 11 Example of Waveforms in 1/32 Duty Cycle Drive (Example of HD44102CH, 
HD44103CH) 
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3. Power Supply Circuit for Liquid 
Crystal Drive 

Table 1 shows the relationship between the 
number of driving biases and display duty 
cycle ratios. 

3.1 Resistive Dividing 

Driving b^ias is generally generated by a 
resistive divider (figure 12). 

The resistance value settings are determined 



by considering operating margin and power 
consumption. Since the liquid crystal display 
load is capacitive, the drive waveform itself is 
distorted due to charge/discharge current 
when the liquid crystal display drive 
waveform is applied. To reduce distortion, the 
resistance value should be decreased but this 
increases the power consumption because of 
the increase of the current through the divid- 
ing resistors. Since larger liquid crystal dis- 
play panels have larger capacjtance.the 
resistance value must be decreased propor- 
tionally. 



Table 1 Relationship between the Number of Display Duty Cycle Ratio and the 
Number of Driving Biases 

Display 

duty ratio Static 1/2 1/3 1/4 1/7 1/8 1/11 1/12 1/14 1/16 1/24 1/32 1/64 

Number of 2 3 44555566666 
driving biases (1/2 bias) (1/3 bias) (1/4 bias) (1/5 bias) 
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Figure 12 Example of Driving Voltage Supply 
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It is efficient to connect a capacitor to the 
resistors in parallel as shown in figure 13 in 
order to improve charge/discharge distortion. 
However, the effect is limited. Even if it is 
attempted to reduce the power consumption 
with a large resistor and improve waveform 
distortion with a large capacitor, a level shift 
occurs and the operating margin is not im- 
proved. 

Since the liquid crystal display load is in a 
matrix configuration, the path of the charge/ 
discharge current through the load is com- 



plicated. Moreover, it varies depending on 
display condition. Thus, a value of resistance 
cannot be simply determined from the load 
capacitance of liquid crystal display. It must 
be experimentally determined according to 
the demand for the power consumption of 
the equipment in which the liquid crystal 
display is incorporated. 

Generally, R is 1 kfl to 10 kfl, and VR is 5kf2 to 
50 kQ. No capacitor is required. A capacitor of 
0.1 uF is usually used if necessary. 
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Figure 13 Example of Capacitor Connection for Improvement of Liquid Crystal 
Display Drive Waveform Distortion (1/5 bias) (Example of LCD-II) 
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3.2 Drive by Operational Amplifier 

In graphic displays, the size of the liquid 
crystal becomes larger and the display duty 
ratio becomes smaller, so the stability of liq- 
uid crystal drive level is more important than 
in small display system. 
Since the liquid crystal for graphic displays is 
large and has many picture elements, the 
load capacitance becomes large. The high 
impedance of the power supply for liquid 
crystal drive produces distortion in the drive 
waveforms, and degcades disiplay quality. 
For this reason, the liquid crystal drive level 
impedance should be reduced with opera- 
tional amplifiers. Figure 14 shows an example 
of an operational amplifier configuration. 

No load current flows through the dividing 
resistors because of the high input impedan- 
ce of the operational amplifiers. A high resis- 
tance of R = 10 kn and VR = 50 kO can be 
used. 

3.3 Generation of Liquid Crystal Drive 
Levels in LSI 

The power supply circuit for liquid crystal 



drive level may be incorporated in the LSI, 
such as one for a portable calculated with 
liquid crystal display. 

HD61602, HD61603 for small display systems 
has a built-in power suply circuit for liquid 
crystal drive levels. 

3.4 Precaution on Power Supply Circuits 

The LCD driver LSI has two types of power 
supplies: the one for logical circuits and the 
other for the liquid crystal display drive cir- 
cuit. The power supply system is complicated 
because of several liquid crystal drive levels. 
For this reason, in the power supply design, 
take care not to deviate from the voltage 
range assured in the maximum rating at the 
rise of power supply and from the potential 
sequence of each power supply. If the input 
terminal level is indefinite, through current 
flows and the power consumption increases 
because of the use of CMOS process in the 
LCD driver. 

Simultaneously, the potential sequence of 
each power supply becomes wrong, which 
may cause latch-up. 
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Figure 14 Drive by Operational Amplifier (1/5 bias) 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 

DATA SHEETS 



Section Three 



General Type 
LCD Driver 



HITACHI 



HD44100H 

(LCD Driver with 40- Channel Outputs) 



Description 

The HD44100H has two sets of 20-bit bidir- 
ectional shift registers, 20 data latch flipflops 
and 20 liquid crystal display driver circuits. It 
receives serial display data from a display 
control LSI, converts it into parallel data and 
supplies liquid crystal display waveforms to 
the liquid crystal. 

The HD44100H is a highly general liquid 
crystal display driver which can drive a static 
drive liquid crystal and a dynamic drive liquid 
crystal, and can be applied as a common 
driver or segment driver. 



Features 

• Liquid crystal display driver with serial/ 
parallel conversion function 

• Serial transfer facilitates board design 

• Capable of interfacing to liquid crystal 
display controllers: HD43160AH, LCTC 
(HD61830), LCD II(HD44780), 
LCDIH(HD44790). 

• 40 internal liquid crystal display drivers 

• Internal serial/parallel conversion cir- 
cuits: 

—20-bit shift register X 2 
—20-bit shift latch x 2 

• Display bias: Static to 1/5 

• Power supply: 
—Internal logic: + 5 V 

—Liquid crystal display driver circuit: 

- 5 V 

• Separation of internal logic from liquid 
crystal display driver circuit increases 
applicable controllers and liquid crystal 
types 

• CMOS process 

• 60-pin flat plastic package 
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Pin Arrangement 



, RHHRFl 



a s s» s ft * 

HHHH H P i 



Y M rjr 
Yj/CE 
Y »E 
v„Q2 

Y«rn 

YmQZ 

Y M Q3 

Yj.is 

y,43£ 

Y„rjz: 
y^e? 
YJ32 

Y,^M 
YuTJE 
Y„CS 
Y 12 [! 



54]V 6 
BJV, 

22 v 4 
2Dv 3 
SJv 2 

Sfcs 

3ZJSHL2 
SDSHLi 

£Qnc 

42JDL2 
2HORI 
SDdli 

3?]GND 
3S)CL2 
UcLi 
SlVEE 



> > > > > 



C £ $ 



> > >■ >■> > 



(Top View) 



HD44100H 



Block Diagram 



V1, V2 . 
V3, V4 

CL1 ■ 



DL1 , 
CL2 



DL2 « 
FCS 



V1, V2 
V5, V6 " 



Y20 



LCD Drivers 



Latch signal 



3E 



Data 



20-bit latch 

3E 



Shift 
direction 



lift signal ^ 20-bit bidirectional shift register | * 



Data 



► — i Data 

:£> Switch i j 



Switching circuit 



20-bit bidirectional shift register 



Data 



20-bit latch 



Switching circuit 



II 



Shift 
direction 



LCD Drivers 



Y21 



Y40 



■ SHL1 
» DR1 



DR2 
SHL2 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Supply Logic 


Vcc* 1 


- 0.3 to + 7.0 


V 


voltage LCD drivers 


V EE * 2 


Vcc - 13.5 to V cc + 0.3 


V 


Input voltage 


Vn* 1 


- 0.3 to Vcc + 0.3 


V 


Input voltage 


V T2 *3 


Vcc + 0.3 to V E e - 0.3 


V 


Operating temperature 


"T"opr 


- 20 to + 75 


•c 


Storage temperature 


Tstg 


- 55 to + 125 


°c 


Notes: * 1 All voltage values are referred to QND. 

*2 Connect a protection resistor of 220 Cl ± 
*3 Applies to V1 to Ve. 


5 % to Vee power supply in series. 
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HD44100H 



Electrical Characteristics 



(Vcc = 5 V 


± 10 %, Vke = - 5 V ± 10 %, 


GND = 


V, 


T a = - 


20 to + 75 C) 


Item 


Symbol 


Applicable Terminals 


Min 


Typ 


Max 


Unit Test Condition 


Input voltage 


V, H 


CL1, CL2, DL1, DL2, 
DR1 , DR2, M, SHL1, 


0.7 V C c 




Vcc 


V 






V, L 


SHL2, FCS 





- 


0.3 V cc 


V 




Output voltage Vqh 


DL1 , DL2, DR1 , DR2 


Vcc - 0.4 






V 


Ioh = - 0.4 mA 




Vol 









0.4 


V 


Iol = + 0.4 mA 


Vi-Yj voltage 


V D i 


*1 


- 


— 


1.1 


V 


Ion - 0.1 mAfor one of Yj 


descending 


V D2 




- 


- 


1.5 


V 


Ion = 0.05 mA for each Yj 


Input leakage 
current 


IlL 


CL1 , CL2, DL1, DL2, 
DR1 , DR2, M, SHL1 , 
SHL2, FCS, NC 


- 5.0 




5.0 


M 


V in = to Vcc 


Vi leakage 
current 


IVL 


*3 


- 10.0 




10.0 




V in = V CC to V EE 


Power supply 


Ice 


*2 






1.0 


mA 


f C L2 = 400 kHz 


current 


Iee 








10 


*A 


feu « 1 kHz 



Notes: * 1 Vi-Yj (VI = 1 to 6, j = 1 to 40) equivalent circuit 




= 1 kfl max. 
= 1 kn max. 



switch switch 



*2 Input/output current is excluded; when input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 

*3 Output Y1 to Y40 open. 
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HD44100H 



Timing Characteristics 

(Vcc = 5 V ± 10 %, Vee = - 5 V ± 10 %, GND = V, T a = - 20 to + 75 C) 



Item 


Symbol 


Applicable Terminals 


Min 


Typ 


Max 


Unit 


Test Condition 


Data shift 
frequency 


fd 


CL2 






400 


kHz 




Clock high level 


tc\A/H 


CL1 , CL2 


800 






ns 




width Low level 


tcWL 


CL2 


800 






ns 




Data set-up time 


tsu 


DL1 , DL2, DR1 , DR2, 
FLM 


300 






ns 




Clock set-up time 


tSL 


CL1 , CL2 


500 






ns 


(CL2-^CL1) 


Clock set-up time 


tLS 


CL1 , CL2 


500 






ns 


(CL1->CL2) 


Data delay time 




DL1 , DL2, DR1, DR2 






500 


ns 


C L = 1 5 pF 


Clock rise/fall time 


tct 


CL1 , CL2 






200 


ns 




Data hold time 


tDH 


DL1 , DL2, DR1 , DR2, 
FLM 


300 






ns 







CL2 




Data in 
(DL1 , DL2, DRt , DR2) 



■ tcwH- 




*-t su-* 



—t c t 



-tcWL- 



-tDH 



-t S L- 



— tpd-* 



Data out 
(DL1 , DL2, DR1, DR2) 




CL1 



FLM 




tct — 




VlH : 



- 1 CWH- 




Figure 1 Timing Waveform 
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HD44100H 



Terminal Function 

Table 1 Functional Description of Terminals 



Signal 
Name 


Number 
of Lines 


Input/ 
Output 


Connected to 


Function 


V CC 


1 




power supply 


Power supply for logical circuit 


VjINU 


1 




Power supply 


u V 


V EE 


1 




Power supply 


Power supply for liquid crystal display drive 


Yi ~Y2o 


20 


Output 


Liquid crystal 


Liquid crystal driver output (Channel 1 ) 


Y21-Y40 


20 


Output 


Liquid crystal 


Liquid crystal driver output (Channel 2) 


V1, V 2 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Select level) 


v 3 , v 4 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Non-select 
level for channel 1 ) 


v 5 , v 6 


2 


Input 


Power supply 


Power supply for liquid crystal display drive (Non-select 
level for channel 2) 



SHL1 1 Input Vcc or GND Selection of the shift direction of channel 1 shift register 



SHL1 


DL1 


DR1 


Vcc 


Out 


In 


GND 


In 


Out 



SHL2 1 Input Vcc or GND Selection of the shift direction of channel 2 shift register 



SHL2 


DL2 


DR2 


Vcc 


Out 


In 


GND 


In 


Out 



DL1 , DR1 


2 


Input/ 
output 


Controller 

or HD44100H 


Data input/output of channel 1 shift register 


DL2, DR2 


2 


Input/ 
output 


Controller 

or HD44100H 


Data input/output of channel 2 shift register 


M 


1 


Input 


Controller 


Alternated signal for liquid crystal driver output 


CL1 


1 


Input 


Controller 


Latch signal for channel 1 ( L_ ) * 1 
Used for channel 2 when FCS is GND 


CL2 


1 


Input 


Controller 


Shift signal for channel 1 ( L_ ) * 1 
Used for channel 2 when FCS is GND 


FCS 


1 


Input 


Vcc or GND 


Mode select signal of channel 2. FCS signal exchanges the 



latch signal and the shift signal of channel 2 and inverts M 
for channel 2. Thus, this signal exchanges the function of 
channel 2. 





Channel 2 






FCS Level 


Latch signal 


Shift signal 


M Polarity 


Function 


Vcc 


CL2 _r 


CL1 _J~ 


M 


For common drive 


GND 


CL1 ~~L_ 


CL2 "~ L_ 


M 


For segment drive 




*1 


*1 




*2 



NC 1 Don't connect any wires to this terminal. 

Notes: * 1 f~~ and ~~L indicate the latches at rise and fall times, respectively. 

♦ 2 The output level relationship between channel 1 and channel 2 based on the FCS signal 
level is as follows: 
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HD44100H 



Output Level 



FCS 


Data 


M 


Channel 1 (Y1-Y20) 


Channel 2 (Y21-Y40) 




1 


1 


V1 


v 2 


Vcc 


(Select) 





v 2 


V1 


(1) 





1 


v 3 


v 6 




(Non-select) 





v 4 


v 5 




1 


1 


V1 


V1 


GND 


(Select) 





v 2 


v 2 


(0) 





1 


v 3 


v 5 




(Non-select) 





v 4 


v 6 


1 and indicate high and low levels, respectively. 



Applications 
Segment Driver 

When the HD44100H is used as a segment 
driver, FCS is set to GND to transfer display 
data with the timing shown in figure 2. In this 



case, both channel 1 and channel 2 shift data 
at the fall of CL2 and latch it at the fall of CLI. 
V3 and V5, V4 and V6 of the liquid crystal 
display driver power supply are short-cir- 
cuited, respectively. 



7 8 1 2 3 4 5 6 7 8 1 2 

(FLM) 

M t > ^ 

i i j i i i i i i i i l 

Output of 1 

iy i y 4 q) ^ ^ ' mm \ "X \ iL. X" X — X" 

Enlarged view 

M | 

cu rr ^ toh n 

Shift 

«■ nj~iJi_rLnj Ln_n_n_n_r 

DL1/DR1 -y y f- — y- y Y V V Y 

DL2/DR2 A A A , A L___ — A A A A A 

Figure 2 Segment Data Waveforms (A Type Waveforms, 1/8 Duty Cycle) 
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HD44100H 



Common Driver 

In this case, channel 1 is used as a segment 
driver and channel 2 as common driver. 
When channel 2 of HD44100H is used as 
common driver, FCS is set to Vcc to transfer 



display data with the timing shown in figure 
3. 

In this case, channel 2 shifts data at the rise of 
CL1 and latches it at the rise of CL2. Channel 
1 shifts and latches as shown in figure 2. 



8 r 

DL2/DR2(FLM)i ! 



CL1 

Y21 

(Y 40 ) 
Y22 

(Y39) 

to 

Y 28 

(Y33) 



1 Shift 1 

' }!___ ■ ] i ' 



Non-select 



Select 



Non-select 



Select 



Non-select 



Select 



Enlarged view \ 
DL2/DR 2(FLM) 
M 



CL1 



CL2 

Y21 
(Y40) 



Shift 

— Ji n 

Latch 

hji-^T-Tltlt i_runj~L^~Ln_ 



8 1 



I I I I 




J L 



Select 



Select 



Figure 3 Common Data Waveforms (A Type Waveforms of Channel 2, 1/8 Duty 
Cycle) 
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HD44100H 



Both Channel 1 and Channel 2 Used as 
Common Drivers (FCS = GND) 

When both of channel 1 and channel 2 of 
HD44100H are used common drivers, FCS is 
set to GND and the signals (CL1, CL2, FLM) 
from the controller are connected as shown in 
figure 4. 

In this case, connection of the liquid crystal 
display driver power supply is different from 
that of segment driver, so refer to figure 4. 

• Vi, V2: Select level of segment and com- 
mon 

• V3, V4: Non-select level of segment 

• V5, V6: Non-select level of common 

Static Drive 

When the HD44100H is used in the static 
drive method (figure 5), data is transferred at 



the fall of CL2 and latched at the fall of CL1. 
The frequency of CL1 becomes the frame 
frequency of the liquid crystal display driver. 
The signal applied terminal M must have 
twice the frequency of CL1 and be synchron- 
ized at the fall of CL1. The power supply for 
liquid crystal display driver is used by short- 
circuiting Vi, V 4 and V6, and V2, V3, and V5 
respectively. 

One of the liquid crystal display driver output 
terminals can be used for a common output. 
In this case, FCS is set to GND and data is 
transferred so that can be always latched in 
the latch corresponding to the liquid crystal 
display driver output terminal used as the 
common output. If the latch signal corre- 
sponding to the segment output is 1, the 
segments of LCD light. They also light for 
common side = 1, and segment side 0. 



Controller 
(HD43160AH) 



O) CO 

£ to 

o c 

> > 



CL1 



CL2 



FLM 



V 2 - 

v 5 - 

V 4 - 
V 3 - 



CL2Kl5! 
CL1 wv > 
DL1 Common 
rlP R1 driver 

DR2 



Y1 -Y40 



LCD 



Yi-Y 4C 



HD44100H 

Segment 

driver 



Y1 -Y40 



HD44100H 

Segment 

driver 



Figure 4 Connection When Both Channels Are Common Drivers 
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HD44100H 



First Second Tenth 
figure figure figure 



COM signal 



A 



CL,- 
CL 2 - 
M- 

V CC - 
GND- 



CMOS 
inverter 



Q O 





Yi— Y 4 o 


DR1 


FCS 




DL 2 


SHL! 


HD44100H 


DR 2 


SHL 2 




V EE 




r M n ^ 


m co 


u o 


2 > > > > 


> > 




Figure 5 Static Drive Connection 
Timing Chart of Input Waveforms 



78 79 80 




l J_J | (Shift Clock) 

(Display Data) 



CL, 



1 : on 0: off 
(Latch Clock) 



Notes: 

1 . Input square waves of 50% duty cycle (about 
30—500 Hz) to M. The frequency depends 
on the specifications of LCD panels. 

2. The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1 . Therefore, when the alternating signal 
M and CL1 do not fall synchronously, DC 
elements are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 
minutes, and seconds of a clock). To avoid 



this, have CL1 fall synchronously with the 
one edge of M . 
3 . In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD44100H outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be in 
that case. 
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HD44100H 



COM 



LCD 

TV 



39 40 



Y2-Y* 



SHL 1(2 
HD44100H 



ck _n_n_r run 



OOC 



Data transformed 
to Y 2 to Y40 



Data corresponding to 
Y t (COM signal) 



CM 
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H D66 1 00 F 

(LCD Driver with 80-Channel Outputs) 

The HD66100 description segment driver 
with 80 LCD drive circuits is the improved 
version of the no longer current HD44100H 
LCD driver with 40 circuits. 
It is composed of a shift register, an 80-bit 
latch circuit, and 80 LCD drive circuits. Its 
interface is compatible with the HD44100H. 
It reduces the number of LSFs and lowers the 
cost of an LCD module. 



Features 

• LCD driver with serial/parallel converting 
function 

• Interface compatible with the HD44100H; 
connectable with HD43160AH, HD61830, 
HD61830B, LCD-11 (HD44780), LCD-Ill 
(HD44790) 

• Internal output circuits for LCD drive: 80 

• Internal serial/parallel converting cir- 
cuits: 

— 80-bit bidirectional shift register 
—80-bit latch circuit 

• Power supply 

—Internal logic circuit: -1-5 V ±10% 
—LCD drive circuit: 3.0 V to 6.0 V 

• CMOS process 

• 100-pin plastic QFP (FP-100) 

Comparison with HD44100H 

Table 1 shows the main differences between 
HD66100 and HD44100H. 



Table 1 Comparison of HD66100 and 
HD44100H 



HD66100 HD44100H 



LCD Drive Outputs 


80x1 Channel 


20x2 


channels 


Supply Voltage 


3 to 6 V 


4.5 to 


11 V 


for LCD Drive 








Circuits 








Multiplexing 


Static to 1/16 


static to 1/32 


Duty Ratio 


duty 


duty 




Package 


1 00-pin flat 


60-pin 


flat 




plastic package 


plastic 


package 
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Pin Arrangement 



susiViVsi 



iVj VsVVss 



uuuuuuuuuuuuuuuuuuuu 

> § o z w o QZ 

(FP-80A) 
(Top View) 



Y 89 

Yao 
Y 6 , 
Yea 
Yea 

Y«4 

Y 8B 
Yee 
Y 67 
Y M 
V e9 
Y70 
Y„ 
Y72 
Y73 
Y74 
Y75 
Y 76 
Y77 
Y 78 
Y79 
Ybo 



HD66100F 



Pin Description 

Vccf GND, Vee: Vcc supplies power to the 
internal logic circuit. GND is the logic and 
drive ground. Vee supplies power to the LCD 
drive circuit. 

Vi, V 2 , V 3f and V 4 : Vi to V 4 supply power for 
driving an LCD (figure 2). 

CL1: HD66100 latches data at the negative 
edge of CL1. 

CL2: HD66100 receives shift data at the neg- 
ative edge of CL2. 

M: Changes LCD drive outputs to AC. 



Table 2 Pin Function 
Symbol Pin Mo. Pin Name I/O 



Vcc 


46 


Vcc 




GND 


36 


Ground 




Vee 


31 


V EE 




Vi 


32 


Vi 




v 2 


33 


v 2 




v 3 


34 


v 3 




v 4 


35 


v 4 




CL1 


37 


Clock 1 


I 


CL2 


40 


Clock 2 


I 


M 


44 


M 


I 


Dl 


41 


Date In 


I 


DO 


42 


Date Out 





SHL 


39 


Shift Left 


I 


Yi-Y 80 


1-30,51-100 


Yt-Yso 





NC 


38,43,45,47-50 No Connection 





DI: Inputs data to the shift register. 

DO: Output data from the shift register. 

SHL: Selects a shift direction of serial data. 
When the serial data is input in order of Di, D2, 
D79, Dso, the relation between the data and 
the output Y is shown in table 3. 

Yi-Yso: Each Y outputs one of the four voltage 
levels- Vi, V2, V3, or V4-according to the com- 
bination of M and display data (figure 2). 

NC: Do not connect any wire to these termi- 
nals. 



Table 3 Relation Between SHL and 
Data Output 



SHL 


Yi 


Y 2 


Y 3 


. Y79 


Y80 


High 


D1 


D2 


D3. 


D79 


D80 


Low 


D80 


D79 


D78 


.. D2 


D1 
















M 1 


1 









□J 

Y output 1 


1 





1 















I 


level ' 














When used as a common driver 





Figure 1 Selection of LCD Drive Output 



v, 



—j 1 J v 3 

— I L 1 1- -v 4 

1 — v 2 

V 1f V 2 : Selected level 
V 3 , V 4 : Non-selected level 



Figure 2 Power Supply for Driving an LCD 
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HD66100F 



Block Functions 
LCD Drive Circuits 

Select one of four levels of voltage V 1, V2, V3, 
and V4 for driving a LCD and transfer it to the 
output terminals according to the combina- 
tion of M and the data in the latch circuit. 

Latch Circuit 

Latches the data input from the bidirectional 
shift register at the fall of CL1 and transfer its 
outputs to the LCD drive circuits. 



Bidirectional Shift Reigster 

Shifts the serial data at the fall of CL2 and 
transfers the output of each bit of the register 
to the latch circuit. When SHL = GND, the 
data input from DI shifts from bit 1 to bit 80 in 
order of entry. On the other hand, when SHL 
= Vcc, the data shifts from bit 80 to bit-1. In 
both cases, the data of the last bit of the 
register is latched to be output from DO at 
the rise of CL2. 



SHL = GND 



LCD drive outputs 



CL2 
DI — 
DO-h- 



SHL = V CC 



- Shift register 



LCD drive outputs 



CL2 





1 


2 


Latch circuit 
















1 










„ Shift register 


79 













DI- 
DO- 



Figure 3 Relation between SHL and the Shift Direction 
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HD66100F 



Yl Y2 LCD drive outputs 



(alternating signal) 



(input data) 



7U. 



X 



LCD drive circuit 



79 1 80 j- 



Bidirectional shift register 79 ho 



5" 



I 



- Vl, V2. V3, V4 

(power supply for 
LCD drive circuit) 



- Vcc 
-GND 

- Vee 



- DO 

(output data) 



(selects 
a shift direct ic 



Figure 4 Block Diagram 
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HD66100F 



Primary Operations 
Shifting Data 

The input data DI shifts at the fall of CL2 and 
the data delayed 80 bits by the shift register 
is output from the DO terminal. The output of 
DO changes synchronously with the rise of 
CL2. This operation is completely unaffected 
by the latch clock CL1. 

Latching Data 

The data of the shift register is latched at the 



negative edge of the latch clock CL1. Thus, 
the outputs Yi-Yso change synchronously 
with the fall of CL1. 

Switching Data Shift Direction 

When the shift direction switching signal 
SHL is connected with GND, the data D80, 
immediately before the negative edge of CL1, 
is output from the output terminal Yi. When 
SHL is connected with Vcc, it is output from 

Y80- 



Shift clock CL2 



[nput data DI 



Output data DO 



j^_rm_n^i_n_ 

XXXK>00 
Doooooa 



Figure 5 Timing of Receiving and Outputting Data 



Shift clock CL2 



_n_rLn 



Latch clock CL1 



Outputs Y1-Y80 



j~L_ 



Figure 6 Timing of Latching Data 
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HD66100F 



Shift clock 


CL2 


j~i_n_rL 


j~i_n_n_ 


Input data 


DI 


IXDCEXZ 


-DCEXDO 


Latch clock 


CL1 




n 


Outputs 


Yl 
to 




X - 




Y80 






SHL = V cc 










Yl 




X* 


Outputs 


to 








Y80 




X- 



Figure 7 SHL and Waveforms of Data Shift 
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HD66100F 



Absolute Maximum Ratings 



Item 


Symbol 


Ratings 


Unit 


Note 


Supply Logic Circuits 


V CC 


-0.3 to +7.0 


V 


•1 


Voltage 

LCD Drive Circuits 


Vcc— Vee 


-0.3 to +7.0 


V 




Input Voltage (1) 


Vn 


-0.3 to Vcc + 0.3 


V 


•1 


Input Voltage (2) 


V T2 


V C c + 0.3 to Vee - 0.3 


V 


*2 


Operation Temperature 


Topr 


+20 to +75 


°c 




Storage Temperature 


Tstg 


-55 to +125 


•c 





*1 A reference point is GND (= V) 
*2 Applies to V1-V4. 

Note: If used beyond the absolute maximum ratings, LSIs may be permanently destroyed. It is best to 
use them at the electrical characteristics for normal operations. If they are not used at these 
conditions, it may affect the reliability, of the device. 
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HD66100F 



Electrical Characteristics 
DC Characteristics 

(V cc = 5 V ± 10%, V cc -Vee=3.0 to 6.0 V, GND = V, T a = -20 to +75 C) 



Item 


Symbol 


Terminals 


Min. 


Tvd. 


Max. 


Unit 


Tost condition Note 


Input High Voltage 


V, H 


CL1 , CL2 


0.8 x Vcc 




Vcc 


V 




Input Low Voltage 


V|L 


M, Dl, SHL 




0.2 x V CC V 




Output High Voltage 


VoH 


DO 


Vcc-0.4 






V 


Ioh = —0.4 mA 




VOL 








0.4 


V 


lOL "~ +U.*J mA 


On Resistance 
Vi-Vj 


Roism 


Y1-Y8O 






11 


kO 


Ion 38 0. 1 mA to 
one Y terminal 




R0N2 


V1-V4 






30 


kft 


Ion = 0.05 mA to « 
each Y terminal 


Input Leakage Current 


IlL 


CL1 , CL2, 
M, Dl, SHL 


-5.0 




5.0 


*A 


V in = V to Vcc 


Vi Leakage Current 


IVL 


V1-V4 


-5.0 




5.0 


M 


Output Yi-Yso open 
Vin = Vcc to V E e 


Current Dissipation 


Ignd 








2.0 


mA 


f C L2 = 1.0 MHz *1 




Iee 








0.1 


mA 


feu - 2.5 kHz 



*1 Input/output currents are excluded; when an input is at the intermediate level in CMOS, excessive 
current flows from the power supply through the input circuit. 
To avoid this, Vih and Vil must be fixed at Vcc and GND level respectively. 

AC Characteristics 

(Vcc = 5 V ± 10%, Vcc-Vee = 3.0 to 6.0 V, GND = V, T a = -20 to +75°C) 



Item 


Symbol 


Terminals 


Min. 


Typ. 


Max. 


Unit 


Note 


Data Shift Frequency 


fCL 


CL2 






1 


MHz 




Clock High level Width 


tcWH 


CL1 ,CL2 


450 






ns 




Clock Low level Width 


tcWL 


CL2 


450 






ns 




Data Set-Up Time 


fsu 


Dl 


100 






ns 




Clock Set-Up Time (1) 


tSL 


CL2 


200 






ns 


*1 


Clock Set-Up Time (2) 


tLS 


CL1 


200 






ns 


*2 


Output Delay Time 


tpd 


DO 






250 


ns 


*3 


Data Hold Time 


tDH 


Dl 


100 






ns 




Clock Rise/Fall Time 


fCT 


CL1,CL2 






50 


ns 





*1 Set-up time from the fall of CL2 to that of CL1 . 
*2 Set-up time from the fall CL1 to that of CL2. 
*3 Test terminal 



C& (Load capacitance on outputs) = 30pF 
( I ncluding jig capacitance) 
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Figure 8 Timing Chart of HD66100F 
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HD66100F 



Typical Applications 

Connection with the LCD Controller HD44780 



C0M1- 
C0M16 



SEG1- 
SEG40 



r- SHL HD66100F 



DI 


Yi-Yso DO 


SHL 


HD66100F 




Q w 



[power supply 
for LCD drive] 



Figure 9 Example of Connection (1/16 duty cycle, 1/5 bias) 



C0M1- 
C0M8 

SEG1- 
SEG40 
D 



CLl 

CL2 



DI 


Yi -Yso DO 


SHL 


HD66100F 


J J _ 





DI 


Yi-Y 8 o DO 


SHL 


HD6610OF 


j j _ 





> GND 

[power supply 
for LCD drive] 



Figure 10 Example of Connection (1/8 duty cycle, 1/4 bias) 
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HD66100F 



Connection with LCD 111 (HD44790) 



C0M1- 
C0M3 



SEG1- 
SEG32 

R.3 



3 




DI Yi -Y«o DO 



H SHL HD66100F 




DI Yi-Y.o DO 
SHL HD66100F 



CM ug hi 



[power supply 
for LCD drive] 



Figure 11 Example of Connection (1/3 duty cycle, 1/3 bias) 



Static Drive 



First 
figure 



COM signal 




CL1- 
CL2- 
M< 
Vcc- 
GND' 



Figure 12 Example of Connection (80-segment display) 
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HD66100F 



• Timing Chart of Input Waveforms 



Shift clock CL2 



Input data DI 



Latch clock CL1 




Jl_ 



Figure 13 Timing Chart of Input Waveforms 



Notes: 

1 . Input square waves of 50% duty cycle (about 
30-500Hz) to M . The frequency depends on 
the specifications of LCD panels. 

2. The drive waveforms corresponding to the 
new displayed data are output at the fall of 
CL1 . Therefore, when the alternating signal M 
and CL1 do not fall synchronously, DC ele- 
ments are produced on the LCD drive 
waveforms. These DC elements may shorten 
the life span of the LCD, if the displayed data 
frequently changes (e.g. display of hours, 



minutes, and seconds of a clock). To avoid 
this, make CL1 fall synchronously with the 
one edge of M . 

In this example, the CMOS inverter is used as 
a COM signal driver in consideration of the 
large display area. (The load capacitance on 
COM is large because it is common to all the 
displayed segments.) 

Usually, one of the HD66100F outputs can 
be used as a COM signal. The displayed data 
corresponding to the terminal should be in 
that case. 



LCD 

7T" 



SHL 
HD66100F 



Figure 14 Example of Connection 



79 80 



_n_n_p nn 

DCDd 



Data transferred to Y2-YW 



data corresponding to, 
Y. (COM signal) 



Figure 15 Timing Chart (when Yi is used as a COM signal) 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 



Section Four 



Character Display 
LCD Controller/Display 



HITACHI 



HD43160AH — 

(Controller with Built 
Character Generator) 

Display Controller and Character 
Generator for Dot Matrix Liquid 
Crystal Display System 



in 



For Maintenance Only 



For new designs please see 
data sheet for HD44780SA00H 



160 characters in internal character gen- 
erator (ROM) 

(Max 256 characters in external ROM) 



The HD43160AH receives character data 
written in ASCII code or JIS code from a 
microcomputer and stores them in its RAM 
which has 80 words capacity. 



Number Of Characters 

• 4, 8, 16, 24, 32, 40, 64, or 80 characters in 1 
or 2 lines 



The HD43160AH converts these data into a 
serial character pattern, then transfers them 
to LCD drivers. 



Font 

• 5x7 + Cursor or 5 x 11 + Cursor 



It also generates other control signals for the 
LCD. The HD44100H LCD driver can be com- 
bined with this controller. 

Display Characters Types 

• Alphanumeric characters: A-Z, a-z, @, 
#, %, 8t, etc. 

• Japanese characters (katakana) 



Other Function Controlled By 
Microcomputer 

• Display clear 

• Cursor on/off 

• Cursor position preset (character posi- 
tion) 

• Cursor return 



Block Diagram 



cso- 

CS1- 
CS2- 
CS3- 

RS0- 

R/W - 



DB6 _ 
DB7 «- 

V cc - 
GND — 

RST — 
TEST- 



CNO 
CN1 
CN2 



CURS ROMS 



Line counter 
Cursor counter 
Character number 
counter 



RAM 
8 bit 

80 words 



X0- 
Y0- 



ROM 
Character 
"•-j generator 
(160 char- 
acters) 



M 

FLM 
CL1 



| 01 -01 
• - x - -i 



P/S con- 
verter 



Internal 

oscillation 

circuit 



I External 
J ROM 



CPG 



Busy Flag 



• (max. 256 lm _ 

• charac- i ~ 

L t6rS> J 



j sc1 UaJ 



Absolute Maximum Ratings 








Item 


Symbol 


Value 


Unit 


Supply voltage 


Vcc 


-0.3 to +7.0 


V 


Input voltage 


V T 


-0.3 to Vcc + 0.3 


V 


Operating temperature 


Topr 


-20 to +75 


c 


Storage temperature 


T s tg 


-55 to +125 


°c 



100 
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HD43160AH 



Electrical Characteristics (Vcc = 5 V ± 5%, GND = V, Ta - -20 to+75°C) 



Item 


Symbol 


Terminal No. min 


typ 


max 


Unit 


Test condition 


Input voltage 
(TTL compatible) 


V, H 


CS0-CS3, E, R/W, 2.0 




Vcc 


V 




V, L 


DB0-DB7, RSO 






0.8 


V 




Input voltage 


V|HC 


0SC1, TEST, RST, FNTS, 0.7 Vcc 




Vcc 


V 






V, LC 


CURS, DLN, ROMS, 

CN0-CN2, O1-O5 




0.3 V cc V 




Output voltage 
(TTL compatible) 


V 0H 


2.4 






V 


Ioh = -0.205 mA 


Vol 


DB7 


- 


0.4 


V 


Iol = 1 .6 mA 


Output voltage 


VOHC 


FLM, M, D, CL1, CL2, V C c-1.0 






V 


lload = ±0.4 mA 




V*OLC 


X0-X7, Y0-Y3 




1.0 


V 




Input leak current 


lu 


All inputs - 5 


- 


5 


*A 




Output leak current 


Ilo 


DB7 -10 




10 


*A 




Oscillation 
frequency 


fcpi 


130 


192 


250 


kHz 


R f - 200 kfl ±2%, 5 
x 7 -I- Cursor 


fcP2 


200 


288 


375 


kHz 


R f - 130kO ±2%, 5 
x 1 1 + Cursor 


Input pull up current 


IPL 


CSO— CS3, RSO, R/W, 2 
DB0-DB7 


10 


20 


>"A 


V in - OV 


Power dissipation 


Pr 


* — 




10 


mW 


Ta = 25°C, f C p = 
400 kHz 

(external clock) 



* Input/output current is excluded. When an input is at the intermediate level in CMOS, excessive 
current flows through the input circuit to the power supply. To avoid this, input level must be fixed 
at high or low, CS0—CS3, RSO, R/W, DB0-DB7. 



Pin Arrangement 



Pin 
No. 


Powei 
OSC 


raup. 

Input Output 


Pin 
No. 


Power su 
OSC 


P. 

Input 


Output 


Pin Power s 
No. OSC 


up. 

Input 


Output 


1 


GND 


(-) 


19 






D 


37 


DB3 




2 




X4 


20 






FIM 


38 


DB4 




3 




X3 


21 






<f>f\ 


39 


DB5 




4 




X2 


22 


0SC1 






40 


DB6 




5 




X1 


23 


0SC2 






41 


DB7 


DB7 


6 




XO 


24 




RST 




42 


ROMS 




7 




N.C. 


25 




TEST 




43 


05 




8 




N.C. 


26 




E 




44 


04 




9 




N.C. 


27 


V CC ( + ) 






45 


03 




10 




CURS 


28 




R/W 




46 


02 




11 




FNTS 


29 




RSO 




47 


01 




12 




DLN 


30 




CSO 




48 




Y3 


13 




CNO 


31 




CS1 




49 




Y2 


14 




CN1 


32 




CS2 




50 




Y1 


15 




CN2 


33 




CS3 




51 




YO 


16 




CL2 


34 




DBO 




52 




X7 


17 




CL1 


35 




DB1 




53 




X6 


18 




M 


36 




DB2 




54 




X5 
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HD43160AH 



Pin Function 

Pin Number of 

name terminals Connected to I/O Function 

Vcc 2 Power supply + 5 V ± 1 0% Power supply 

GND 0V 

CNO 3 GND or Vcc ' Total displayed character number select 



CN1 
CN2 



No. 


4 


8 


16 


24 


32 


40 


64 


80 


CNO 


GND 


Vcc 


GND 


Vcc 


GND 


Vcc 


GND 


Vcc 


CN1 


GND 


GND 


Vcc 


Vcc 


GND 


GND 


Vcc 


Vcc 


CN2 


GND 


GND 


GND 


GND 


Vcc 


Vcc 


Vcc 


Vcc 



CURS 


1 


GND or Vcc 


I 


Cursor select 
GND: 1 dot e 


DLN 


1 


GND or Vcc 


I 


Display line number select 

V/v** 2 linps 
GND: 1 line 


FNTS 


1 


GND or Vcc 


I 


Font select 

Vcc: 5x11+ Cursor 
GND: 5x7 + Cursor 


RST 


1 


Vcc 


I 


Only for test. Normally Vcc- 


TEST 


1 


GND 


I 


Only for test. Normally GND. 


E 


1 


MPU 


I 


Strobe signal 

Write mode: The HD43160AH latches the data on DB0- 

DB7 at the falling edge of this signal 
Read mode: Busy/Ready signal is active on DB7 while this 

signal is high 
(Low: Ready, High: Busy) 


R/W 


1 


MPU 


I 


Read/Write signal 

L: HD43160AH gets the data from MPU 

H: MPU gets the Busy/Ready signal from HD43160AH 


CSO 
CS1 
CS2 
CS3 


4 


MPU 


I 


Chip select 

When all of CS0-CS3 are 4 H', HD43160AH is selected. 


RSO 


1 


MPU 


I 


Register select 

HD431 60AH has 2 registers. One is for character code and 

another is for instruction code. Each register latches the data 

on DBO— DB7 at the falling edge of E, when CSO— CS3 are 

high and R/W is low. 

High: Character code register is selected 

Low: Instruction code register is selected 


DBO 
to 

DB7 


8 


MPU 


I 

I/O 
(DB7) 


Data bus 

Inputs for character code and instruction code from MPU 
Output for Busy/Ready flag (DB7) 


D 


1 


HD44100H 





Serial dot data of characters for LCD drivers 


CL2 


1 


HD44100H 





Dot data shift signal for LCD drivers 


CL1 


1 


HD44100H 





Dot data latch signal for LCD drivers 
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HD43160AH 



Pin 
name 


Number of 
terminals 


Connected to 


I/O 


Function 


M 


1 


HD44100H 





Alternate signal for LCD drivers 


FLM 


1 


HD44100H 





Signal for common plates scanning 



xo 

to 
X7 



ROM 



Character code outputs for external character generator (for 
ext ROM) 
X7: MSB 
XO: LSB 



ex: character 'A' 



MSB 




LSB 





1 | | | | | 


1 



'1' = High 
'0'= Low 



YO 
Y1 
Y2 
Y3 



ROM 



Character row code for external character generator 



5x7 + Cursor 



5x11+ Cursor 




01 03 05 
02 04 



<{>A 



ROM 



Clock signal for external character generator (dynamic ROM 
etc.) if necessary 



01 
to 
05 


5 


ROM 


I 


Dot data inputs from external character generator 
1 (High): On 
(Low): Off 


ROMS 


1 


GND or Vcc 


I 


Select internal or external ROM 
High: External ROM 
Low: Internal ROM 


0SC1 
0SC2 


2 




(I) 
(0) 


Oscillator 5x7 + Cursor: Rf = 200 kG (typ) 
5x11+ Cursor: Rf = 1 30 kfl (typ) 


NC 


3 






Don't connect any signal to these terminals 
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HD43160AH 



Only the English small character "g, j, p, q, y," 
are displayed as below. The others are the 
same as for 5 x 7 (Figure 2), 

Cursor 5 dots : ••••• 

1 dot : • 

The cursor is displayed on the 8th or 12th line. 






1 


2 


3 


Char 
4 


acter < 
5 


;ode Ic 
6 


>wer 4 
7 


bits (h 
8 


exadec 
9 


:imal) 
A 


B 


C 


D 


E 


F 


2 


i 

• 


!! 


# 


$ 


V 

• « 




9 


< 


> 


m^m 


m|m 


? 




II 






l 


2 


w 


4 







7 


*_« 


9 

M 


tt 

a 


tt 

? 


< 




> 


• 


ill 


Q 
n 


D 


.M» # 

w 


D 




p 


G 


H 


I 


j 


K 




M 


N 







Q 


R 


cr 

1 

MM 




u 


U 


W 


X 


v 




C 




3 








•si 


b 


MM 

w 


d 




f 


MM 

y 
w 


h 


i 


..i 


k 


1 




n 


o 


:P 

A 


Q 
u 




# MM 

MM 


+ 


u 


M 


X 


U 

MM| 

mr 


< 


1 


> 


*m|» 




r 


J 


\ 


n 


MM| 
MM.I 












MMM 


3 


*M 

M 




7 


•f 


I**! 






ft 






•T 




V 


M 
MM 


••\ 


t! 


y. 


c JO 

M 


7 


•9 


•M 

T 


h 






T? 
••• 




) 




t 










D ••• 


Cm| 










3 


—» 

7 


y 


lb 




□ 


9 


M 




o 



Figure 1 5X7 Characters 



9 


j 


P 


q 


M 



Figure 2 Special 5 X 11 Characters 
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Character Dot Patterns 

5X7 

The bottom lines of the English small charac- 
ters "g, i, p, q, y," are on the cursor line (Figure 
1). 

5 X 11 



HD43160AH 



Application 
Setting Up 

1. Total character number: CNO— CN2 

2. Cursor pattern: CURS 

3. Display line number: DLN 

4. Font: FNTS 



These terminals should be connected to Vcc 
or GND according to the LCD display system. 
RST and TEST should be connected to Vcc 
and GND respectively. 



Interface to the Controller 



1. Example 1 Interface to HD6800 



In this example (Figure 3), the addresses of 
HD43160AH in the address area of the 
HD6800 microcomputer are: 

Instruction code register #'E * * * ' 

Character code register #'F * * * ' 

Busy flag 



(R/W=0) 
(R/W=0) 

#'E***' or #'F***' (R/W=l) 
*: don't care 
#": hexadecimal 



HP 6800 (MPU) 



AB15 
AB14 
AB13 

VMA 
AB12 

R/W 

DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 



CS3 
CS2 
CS1 
CSO 
RSO 
R/W 

E HP43160AH 



DBO 
DB1 
DB2 
DB3 
DB4 
DB5 
DB6 
DB7 



Figure 3 HD6800 Interface 
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HD43160AH 



2. Example of display program 



Read Busy flag 
from # 'E*** ' 
or #'F***' 



Instruction 





f RSO = Low 


Write Inst, code 


to # 'E 






Y: Busy 



Check Busy or Ready 



Character 





1 RSO = High 


Write Charact. code 


to # 'F** 





Figure 4 Display Program Example 



3. Time length of Busy 



write Inst, or Charact. code 



in 



Busy 
(Internal) 



-e 



Operation start 



c 



operation end 





T busy 




min 


Max 


Unit 


Display clear 


400 

fcp 


410 

fcp 


s 


Other function 


10 


20 




fcp 


fcp 


s 



Figure 5 Busy timing 



HD43160AH begins the operation from the register latch the data on DBO— DB7 at the 
rising edge of E (Figure 5). falling edge of E. 

Instruction code register and character code 
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HD43160AH 



4. Timing chart 



CSO 
to 

CS3 
RSO 



R/W 



DBO 
to 

DB7 



Write sequence 
(MPU-HD43160AH) 

*CYC 

I PwEL ' PWEH 



i m_ 

i 

r 

i 



tAS ^DDWl 



I" t H 



I 

1 



Write 



Inst. 

charact. 

code 



CSO 
to 

CS3 
RSO 



R/W 



DB7 



Read sequence 
(MPU+-HD43160AH) 

' tCYC 



' t A S ! *DDR i 



|_t H 



Read 



t 



Busy 
ready 



Figure 6 HD6800 Interface Timing 



5. Timing characteristics 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Cycle time of E 




tcyc 


1.0 






MS 


Pulse width of E 


High level 


FVVEH 


0.45 




25 


MS 




Low level 


Ra/el 


0.45 






MS 


Set up time of CS 


Write 


tAS 


140 






ns 


Data delay time 


Write 


tDDW 






225 


ns 




Read 


tDDR 






300 


ns 


Hold time 




tH 


10 






ns 
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6. Example 2 Interface to 8085A (Intel) 





S1 




IO/M 




RD 




WR 




A15 




A14 




A13 




A12 


8085A 




(MPU) 






ALE 




CLK 




READY 




ADO 




to 




AD7 



™. —n o- 

\A/D -* ' 



— Oo- 



D Q 




D 


Q 


CLK n 




CLK 


Q 


CLR U 







R/W 
CS3 



CS2 
CS1 
CSO 
RSO 



HD43160AH 



DBO 
to 

DB7 



Figure 7 8085A Interface 



7. Timing chart 



CLK 



IO/M, S1 ~r 
A12A15 Jh 



ALE 



RD, WR 



READY 



T1 



T2 



r 



TwAIT 



T4 



Figure 8 8085A Timing 



Pulse widths of RD and WR signals of the 
808 5 A are 400 ns min, while the pulse width 
of the E signal of the HD43160AH is 450 ns 



min (Figure 8). 

Therefore, in this example, RD and WR signal 
pulse widths are widened by the Twait cycle. 



HITACHI 

108 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HD43160AH 



Display Commands 

Display Control Instructions 

These instructions should be written into the 
instruction register of HD43160AH by the 
microcomputer. (RSO = Low, R/W = Low) 



1. Display clear 
MSB 

Code: 



LSB 



Operation: The screen is cleared and the 
cursor returns to the 1st digit. 



2. Cursor return 
MSB 

Code: 



LSB 



Operation: The cursor returns to the 1st 
digit and the characters being 
displayed do not change. 



3. Cursor on/off 
MSB 

Code: 



LSB 



(On) 



1 (Off) 



Operation: The cursor appears (on) or dis- 
appears (off). 



4. Set cursor position 



MSB 



LSB 



Code: 



1 line 


1 


(N — 1) binary 


2 lines 


upper 


1 





(n — 1) binary 


lower 


1 


1 


(m — 1) binary 



N, n, m: digit number 



Operation: The cursor moves to the Nth 
(nth, mth) digit. 
N ^ the total character number 
n, m ^ 1/2 total character 
number 
ex 1: 1 line 

Set the cursor at digit 55. The 
code is 10110110. 
ex 2: 2 lines 

Set the cursor at digit 35 of 

upper or lower line. 

The code is 10100010 (upper). 

11100010 (lower). 



Display Character Command 

When the character code is written into the 
character register of HD43160AH, the char- 
acter with thiscode appears where the cursor 
wasdisplayed and the cursor moves to the 
next digit. (RSO = High, R/W = Low) 



MSB 



code: 



LSB 



(Character code) 



ex. 1 



before ABCD 



after ABCDE 



Read Busy Flag 

When CS0-CS3 = High, R/W = High and E 
= High (RSO = 'don't care'), the Busy/Ready 
signal appears on DB7. 

DB 7 High: Busy 
Low: Ready 



Table 1 Time Length of Busy (oscilla- 
tion frequency = 200 kHz) 





Min 


Max 


Unit 


Display clear 


2.0 


2.05 


ms 


Other operations 


50 


100 


MS 



(depends on the operating frequency) 
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HD43160AH 



Interface to External ROM 

1. Example 



Character 
code 

HD43160AH 



Row 
code 



f'LSB XO 
X1 
X2 
X3 
X4 
X5 
X6 
MSB X7 
LSB YO 
Y1 
Y2 

MSB Y3 
M 
01 
02 
03 
04 
05 
ROMS 



Address 

External 
ROM 



Data 



ROMS 
1 : Ext. 
0: Int. 

*<M is used as the 
precharge signal for 
dynamic ROM if nec- 



Figure 9 Interface to External ROM 



2. Row code 



Row code 

0102 03 04 05 Y3 Y2 Y1 YO 



(Cursor) 

























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 



Row code 

0102 0304 05 Y3 Y2 Y1 YO 



(Cursor) 

























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 





1 





1 


1 



5x7+ Cursor 5x11 + Cursor 



Figure 10 Row Code 
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HD43160AH 



3. Timing chart 



CL2 



X0-X7 
Y0-Y3 



WLTUWLJVL 



01-05 
ROMS 



r 



Effective data 



MAX- 



•cp | 



Figure 11 Display Timing 



Interface to LCD Drivers 

1. Example 



Common 
signals 



FLM 

HD43160AH C u 
CL2 
M 



Liquid crystal display 



Segment signals 



Y21-Y40 Y1-Y20 
V1-V6 
FCS 
SHL1 
SHL2 

DL1 DR1 
DL2 

DR2 CL1 CL2 M 



HD44100H 



Y1 


-Y40 


V1-V6 




FCS 




SHL1 




SHL2 


HD44100H 


DL1 




DR1 




DL2 CL1 


CL2 M DR2 



Figure 12 Interface to HD44100H 
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HD43160AH 



2. Waveforms (5x7 + Cursor 1 line) 



81 23 4 5 67812 



FLM 




ji n 

_i v. f 





umruLn_... r uuTj 


FLTL 




■ i 2 1 3 1 4 1 s 


ml 


' 1 2 1 










One row of a character 


One row of 80 characters (400 dots) 



Figure 13 Timing 
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HD43160AH 



Dot Matrix Liquid Crystal Display 
System 




Figure 14. Typical Application 5X7 + Cursor, 2 Lines, 40 Characters 
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H D44780, H D44780A 

(LCD- II) 

(Dot Matrix Liquid Crystal Display 
Controller & Driver) 



Description 

The LCD-II (HD44780, HD44780A) dot matrix 
liquid crystal display controller & driver LSI 
displays alphanumerics, kana characters, and 
symbols. It drives a dot matrix liquid crystal 
display under 4-bit or 8-bit microcomputer or 
microprocessor control. All the functions 
required for dot matrix liquid crystal display 
drive are internally provided on one chip. The 
user can complete dot matrix liquid crystal 
display systems with low chip count by using 
the LCD-II (HD44780, HD44780A). 
If an HD44100H driver LSI is connected to the 
HD44780, up to 80 characters can be dis- 
played. 

The LCD-II is produced by the CMOS process. 
Therefore, the combination of the LCD-II with 
a CMOS microcontroller or microprocessor 
can complete a portable battery-driver 
device with low power dissipation. 



Feautures 

• 5x7 and 5 x 10 dot matrix liquid crystal 
display controller driver 

• Capable of interfacing to 4-bit or 8-bit 
MPU 

• Display data RAM: 80 x 8 bits 

(80 characters, max.) 

• Character generator ROM: 
—Character font 5x7 dots: 160 charac- 
ters 

—Character font 5 x 10 dots: 32 charac- 
ters 

• Character generator RAM 

— Character font 5x7 dots: 8 characters 
— Character font 5 x 10 dots: 4 characters 

• Both display data and character genera- 
tor RAMs can be read from the MPU 

• Internal liquid crystal display driver: 
—16 common signal drivers 

—40 segment signal drivers (Can be 
externally extended to 360 segments 
by liquid crystal display driver 
HD44100H) 

• Duty factor (selected by program): 
—1/8 duty: 1 line of 5 x 7 dots + cursor 
—1/11 duty: 1 line of 5 x 10 dots + cursor 



Pin Arrangement 



ooooooooooo ooooo 

UUUUUUUlblUUUUlUUUbl 
C/3 C/3 C/5CO WC/5«3«3t/3a>C/3t/)(/>COCOC/3 



(FP-80) 
(Top View) 



UiLUlUUJUJUJlUUJtilUiUJUIUJULlUJUi 
C0(/)C/>C/)<flC/5(/>C/>C/>C/)</>C/>C/)(/>tf>C/> 




g(0OT OU> j^OOQQ 



(FP-80A) 
(Top View) 
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HD44780, HD44780A (LCD-II) 



(External clock operation possible) 

• CMOS process 

• Logic power supply: 

A single +5 V (excluding power for 
liquid crystal display drive) 

• Operation temperature range: 

-20 to +75°C (Device for -40 to +85°C 
available upon request) 

• 80-pin plastic QFP (FP-80, FP-80A) 
80-pin thin plastic QFP (TFP-80: under 
development) 



Maximum Number of Display Characters 



No. of 

Display 

Lines 


Duty 
Factor 


Extension 


LCD-II 


HD44100H 


No. of Display 
Characters 


1 -line 


1/8 


Not 


1 




8 characters x 1 line 


display 


1/11 


provided 










duty 
cycle 


Porovided 


1 


9 

(8 characters/each) 


80 characters x 1 line 


2-line 


1/16 


Not 


1 




8 characters x 2 lines 


display 


duty 


provided 










cycle 


Provided 


1 


4 


40 characters x 2 lines 



(8 characters x 2 lines/each) 



Ordering Information 

Type No. Operation Frequency Package 

HD44780SA**H 80-Pin plastic QFP (FP-80) 

HD44780SA**FH 1.0 MHz 80-Pin plastic QFP (FP-80A) 

HD44780SA* *TF 80-pin thin plastic QFP (TFP-80: 

under development) 

HD44780SA**FA 1.5 MHz 80-Pin plastic QFP (FP-80) 

Note: ** = ROM Code No. 



—1/16 duty: 2 line of 5 x 7 dots + cursor 
e Wide range of instruction functions: 

Display clear, Cursor home, Display on/ 
off, Cursor on/off, 

Display character blink, Cursor shift, 

Display shift 
e Internal automatic reset circuit at power 

on (Internal reset circuit) 
e Internal oscillation circuit 

(with external resistor or ceramic filter) 
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HD44780, HD44780A (LCD-II) 



Block Diagram (LCD-II Interior) 



O O 5 



CO v 



2 
O 

o 

I 

o 
o 



CD 

UJ 
CO 

I 

6" 

UJ 

c/> 



cd 

O) .t; 

E e 



Commc 
Driver 


>n Signal 


CO ' 




16-bit 
Registc 


Shift 
3r 



Segmem 
Driver 


t Signal 






40-bit 
Latch C 


ircuit 



2? c 



Cursor Blink 
Control Circuit 



o 



> < -° 

_2? _ QC 00 

Ills 



] I 



Instruction 
Decoder 



Instruction 
Register (IR) 



S £ O jet 

B C ^ W O 
J= © O 7< CM 



DC 



O 



— v- 
— v* 

GO 



<p O 

2 5 cc x> 

<0 C 5 fH CM 

x: 0> < r- 

O' CD dc B in 



.11 



Data 

Register (DR) 











03 


U- 



Q 
re 

Q g t 
To Ore 

II s 
£3S 



I/O Buffer 



o 9 o o 

Jj Z CO CO 
> CD O O 



00 


m 
03 


& £ $ 






Q 


Q 


N v — 






1 


1 

o 
03 


a 






Q 


Q 


»r Sup 

quid 

al 


ay Dri 








2=i « 


a 





ol £ u 5 
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HD44780, HD44780A (LCD-II) 



Electrical Characteristics 



Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit Note 


Power Supply Voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


Power Supply Voltage (2) 


V1 to V5 


V C c- 13.5 to Vcc+0.3 


V 3 


Input Voltage 


Vr 


-0.3 to Vcc+0.3 


V 


Operating Temperature 


Topr 


-20 to +75 


•c 


Storage Temperature 


Tstg 


-55 to +125 





Note 1 : If LSI's are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristic limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 

Note 2: All voltage values are referenced to GND = V. 

Note 3: Applies to V1 to V5. Must maintain Vcc ^ V1 V2 £ V3 £ V4 & V5 

(high <- low) 
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HD44780, HD44780A (LCD-II) 



Electrical Characteristics 

(Vcc = 5 V ± 10%, T a - -20 to +75°C) 

The conditions of Vi, V 5 voltages are for 
proper operation of the LSI and not for the 
LCD output level. The LCD drive voltage 
condition for the LCD output level is specified 
in "LCD voltage Vlcd". 



i 



® 



® = V CC -V 5 
(D^Vcc-^ 
®^1.5V 
®^0.25x® 



HD44780 




Limit 












Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input High Voltage (1) 


V»H1 


2.2 




Vcc 


V 




(2) 


Input Low Voltage (1) 


V.L1 


-0.3 


— 


0.6 


V 




(2) 


Output High Voltage (1) 
(TTL) 


V0H1 


2.4 


— 


— 


V 


-Ioh = 0.205 mA 


(3) 


Output Low Voltage (1) 
(TTL) 


VOL1 




— 


0.4 


V 


Iol = 1 .2 mA 


(3) 


Output High Voltage (2) 
(CMOS) 


V*OH2 


0.9 Vcc 






v 


— Ioh 88 0.04 mA 


(4) 


Output Low Voltage (2) 
(CMOS) 


V*OL2 




— 


0.1 Vcc 


V 


Lol = 0.04 mA 


(4) 


Driver Voltage Descend- 
ina (COM) 


VcOM 






2.9 


V 


Id =0.05 mA 


(10) 


Driver Voltage Descend- 
ing (SEG) 


VSEG 






3.8 


V 


ld=0.05 mA 


(10) 


Input Leakage Current 


IlL 


-1 




1 


M 


Vjn = to Vcc 


(5) 


Pull-Up MOS Current 


-IP 


50 


125 


250 


M 


V CC - 5 V 




Power Supply Current (1 ) 


lcci 




0.55 


0.8 


mA 


Ceramic filter 

oscillation 

Vcc = 5 V, fosc 88 

250 kHz 


(6) 


Power Supply Current (2) 


•CC2 




0.35 


0.6 


mA 


Rf oscillation 
External clock 
operation 

Vcc = 5 V, fosc 88 
f cp = 270 kHz 


(6) 
(11) 


External Clock Operation 


External Clock Frequency 


fcp 


125 


250 


350 


kHz 




(7) 


External Clock Duty Cycle 


Duty 


45 


50 


55 


% 




(7) 


External Clock Rise Time 


trcp 






0.2 


*s 




(7) 


External Clock Fall Time 


tfcp 






0.2 


f*$ 




(7) 


Input High Voltage (2) 


V|H2 


Vcc - 1.0 




Vcc 


V 




(12) 


Input Low Voltage (2) 


V,L2 






1.0 


V 




(12) 


Internal Clock Operation (Rf oscillation) 


Clock Oscillation Fre- 
quency 


fosc 


190 


270 


350 


kHz 


Rf = 91 kO ± 2% 


(8) 


Internal Clock Operation (Ceramic filter oscillation) 


Clock Oscillation Fre- 
quency 


fosc 


245 


250 


255 


kHz 


Ceramic filter 


(9) 


LCD Voltage 


Vlcdi 


4.6 




11 


V 


Vcc - V5 1/5 bias 


(13) 




VlCD2 


3.0 




11 


V 


1 /4 bias 


(13) 
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HD44780, HD44780A (LCD-II) 



HD44780A 




Limit 












Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input High Voltage (1) 


V, H 1 


2.2 




Vcc 


V 




(2) 


Input Low Voltage (1 ) 


V,L1 


-0.3 





0.6 


V 




(2) 


Output High Voltage (1) 
(TTL) 


VoH1 


2.4 


— 


— 


V 


-Ioh = 0.205 mA 


(3) 


Output Low Voltage (1) 
(TTL) 


V L1 


— 


— 


0.4 


V 


Iol - 1.2 mA 


(3) 


Output High Voltage (2) 
(CMOS) 


V0H2 


0.9V CC 


— 


— 


V 


-Ioh = 0.04 mA 


(4) 


Output Low Voltage (2) 
(CMOS) 


VoL2 


— 


— 


0.1 V cc 


V 


Lol = 0.04 mA 


(4) 


Driver Voltage Descend- 
ing (COM) 


VcOM 


— 


— 


2.9 


V 


Id = 0.05 mA 


(10) 


Driver Voltage Descend- 
ing (SEG) 


VsEG 






3.8 


V 


Id = 0.05 mA 


(10) 


Input Leakage Current 


IlL 


-1 




1 




V in = to Vcc 


(5) 


Pull up MOS Current 


-IP 


50 


125 


250 




Vcc = 5 V 




Power Supply Current (1 ) 


lcci 




0.55 


0.8 


mA 


Ceramic filter 

oscillation 

Vcc = 5 V, fosc = 

250 kHz 


(6) 


Power Supply Current (2) 


lcC2 




0.35 


0.6 


mA 


Rf oscillation 
External clock 
operation 

Vcc = 5 V, fosc = 
f cp = 270 kHz 


(6) 
(11) 


External Clock Operation 


External Clock Frequency 


fcp 


125 


250 


350 


kHz 




(7) 


External Clock Duty 


Duty 


45 


50 


55 


% 




(7) 


External Clock Rise Time 


trcp 






0.2 


MS 




(7) 


External Clock Fall Time 


tfcp 






0.2 


MS 




(7) 


Input High Voltage (2) 


V|H2 


V CC - 1 




Vcc 


V 




(12) 


Input Low Voltage (2) 


V|L2 






1.0 


V 




(12) 


Internal Clock Operation (Rf oscillation) 


Clock Oscillation Fre- 
quency 


fosc 


190 


270 


350 


kHz 


Rf « 91 kn±2% 


(8) 


Internal Clock Operation (Ceramic filter oscillation) 


Clock Oscillation Fre- 
quency 


fosc 


245 


250 


255 


kHz 


Ceramic filter 


(9) 


LCD Voltage 


Vlcdi 


4.6 




11 


V 


V cc - V5 1/5 bias 


(13) 




VlCD2 


3.0 




11 


V 


1 /4 bias 


(13) 
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HD44780, HD44780A (LCD-II) 



Notes: 1 . The following are I/O terminal configurations except for liquid crystal display output. 



Input Terminal 
Applicable Terminals: E 
(MOS without pull up) 



V cc 

Hf^PMOS 



HEh NM0S 



Applicable Terminals: RS, R/W 
(MOS with pull up) 



v C c v cc 



r-jPJ PMOS 



Pull Up MOS 



4 En NM0S 



Output Terminal 

Applicable Terminals: CM, CL2, M, D 
V cc 



PMOS 



NMOS 



I/O Terminal 

Applicable Terminals: DB to DB7 



V cc (Pull Up MOS) Vcc 
^ — | [tl PMOS j 



PMOS 



1 j H NMOS PMOS Llj C Q = ^ 



vcc 



Enable 



NMOSrHl *~ <3 



-Data 



(Output Circuit) 
(Three state) 



Notes: 2. Input terminals and I/O terminals. Excludes OSC1 terminals. 
Notes: 3. I/O terminals. 
Notes: 4. Output terminals. 

Notes: 5. Current flowing through pull-up MOSs and output drive MOSs is excluded. 

Notes: 6. Input/output current is excluded. When cmos input is at an intermediate level, excessive current 

flows through the input circuit to the power supply. To avoid this, input level must be fixed at high 

or low. 
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HD44780, HD44780A (LCD-II) 



Notes: 7. External clock operation. 



Oscillator 



Open 



OSd 



OSC 2 



Th 



0.7V CC 
0.5V CC ■ 
0.3V CC - 



f 



Th 



Duty cycle = Th | T| x 1 00% 



trep tf cp 

Notes: 8. Internal oscillator operation using oscillation resistor Rf. 



Rf : 



osc. 



OSC2 



R f :91kQ±2% 



Since oscillation frequency varies depending on OSC1 and OSC2 terminal capacitance, wiring length 
for these terminals should be minimized. 



Notes: 9. Internal oscillator operation using a ceramic filter. 

OSd 




Ceramic filter: CSB250A (Murata) 
R f : 1 MQ± 10% 
d: 680pF± 10% 
C 2 : 680 pF± 10% 
R d : 3.3kQ±5% 



Ceramic filter 



Notes: 10. Applies to both Vcom and Vseg voltage drops. 

Vcom: From power supply terminal Vcc, V1 , V*, V5 to each common signal terminal 
(COM! to COM16) 

Vseg: From power supply terminal Vcc, V2, V3, V5 to each segment signal terminal 
(SEG1 to SEG40) 
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HD44780, HD44780A (LCD-II) 



Notes: 1 1 . Relation between operation frequency and current consumption is shown in this diagram (Vcc = 5 
V). 




Notes: 12. Applied to OSCi terminal. 

Notes: 13. The condition for COM pin voltage drop (Vcom) and SEG pin voltage drop (Vseg). 
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HD44780, HD44780A (LCD-II) 



Timing Characteristics 



Write Operation 



RS 



t AS 



R/W 



I 



t Er 



DB -DB 7 



V,H1 
V, L 1 



V|HV 
tDSW 



t A H 



r v, L1 



tAHj 
t E f 



^"Y Valid Data ^/JJh 

V|Ll A /\ V IL 



tcycE 



Figure 1 Bus Write Operation Sequence 

(Writing data from MPU to LCD-II) 



Read Operation 
RS 



r V,Hl 


V,m 3 




Ml,, 


tAS 


tAH 



R/W 



7 



V.L1 / 



tEr- 



DB0--DB7 



PW Ef 



V.H1 

— t DD R 



tAH 



V,L1 



tDHR 



SX vaiidData 



tcycE 



Figure 2 Bus Read Operation Sequence 

(Reading out data from LCD-II to MPU) 
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HD44780, HD44780A (LCD-II) 



Interface Signal with Driver LSI HD44100H 




Figure 3 Sending Data to Driver LSI HD44100H 
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HD44780, HD44780A (LCD-II) 



Bus Timing Characteristics (Vcc = 5.0 V ± 10%, GND = V, T. = -20 to +75°C) 
HD44780 

Write Operation (Writing data from MPU to LCD-II) 



Limit 



Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Enable Cycle Time 




tcycE 


1000 




ns 


Fig. 1 


Enable Pulse Width 


High 
level 


PW EH 


450 





ns 


Fig. 1 


Enable Rise/Fall Time 




tEr, t E f 


— 


25 


ns 


Fig. 1 


Address Set-up Time 


RS, R/W 
E 


tAS 


140 


— 


ns 


Fig. 1 


Address Hold Time 




tAH 


10 


— 


ns 


Fig. 1 


Data Set-up Time 




tDSW 


195 


— 


ns 


Fig. 1 


Data Hold Time 




t H 


10 




ns 


Fig. 1 


Read Operation (Reading data from LCD-II to MPU) 
















Limit 








Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Enable Cycle Time 




tcycE 


1000 




ns 


Fig. 2 


Enable Pulse Width 


High 
level 


PWeh 


450 


— 


ns 


Fig. 2 


Enable Rise/Fall Time 




tEr, tEf 






ns 


Pin 9 
riy . 


Address Set-up Time 


RS, R/W 
E 


tAS 


140 




ns 


Fig. 2 


Address Hold Time 




tAH 


10 


— 


ns 


Fig. 2 


Data Delay Time 




tDDR 




320 


ns 


Fig. 2 


Data Hold Time 




tDHR 


20 




ns 


Fig. 2 


HD44780A 














Write Operation (Writing data from MPU to LCD-II) 
















Limit 








Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Enable Cycle Time 




tcycE 


666 




ns 


Fig. 1 


Enable Pulse Width 


High 
level 


PWeh 


300 




ns 


Fig. 1 


Enable Rise/Fall Time 




tEr, t Ef 




25 


ns 


Fig. 1 


Address Set-up Time 


RS, R/W 


tAS 


60* 1 




ns 


Fig. 1 




E 




100* 2 




ns 




Address Hold Time 




tAH 


10 




ns 


Fig. 1 


Data Set-up Time 




tDSW 


100 




ns 


Fig. 1 


Data Hold Time 




tH 


10 




ns 


Fig. 1 
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Read Operation (Reading data from LCD-II to MPU) 



Limit 



Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Enable Cycle Time 




tcycE 


666 


.— 


ns 


Fig. 2 


Enable Pulse Width 


High 


PWeh 


300 


— 


ns 


Fig. 2 




level 












Enable Rise/Fall Time 




tEr, t E f 




25 


ns 


Fig. 2 


Address Set-up Time 


RS, R/W 


t A S 


60* 1 




- ns 


Fig. 2 




E 




100* 2 






Address Hold Time 




tAH 


10 




ns 


Fig. 2 


Data Delay Time 




tDDR 




190 


ns 


Fig. 2 


Data Hold Time 




tDHR 


20 




ns 


Fig. 2 



Notes: * 1 . 8-bit interface mode 
* 2 . 4-bit interface mode 



Interface Signal with HD44100H Timing Characteristics 
(Vcc - 5.0 V ± 10%, GND = 0V,T. = -20 to +75°C) 

HD44780 



Limit 



Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Clock Pulse Width 


High 
level 


tcWH 


800 




ns 


Fig. 3 


Clock Pulse Width 


Low 
level 


tcWL 


800 




ns 


Fig. 3 


Clock Set-up Time 




tcsu 


500 




ns 


Fig. 3 


Data Set-up Time 




tsu 


300 




ns 


Fig. 3 


Data Hold Time 




tDH 


300 




ns 


Fig. 3 


M Delay Time 




tDM 


-1000 


1000 


ns 


Fig. 3 
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HD44780A 



Limit 



Item 




Symbol 


Min 


Max 


Unit 


Test Condition 


Clock Pulse Width 


High 
level 


tcWH 


800 




ns 


Fig. 3 


Clock Pulse Width 


Low 
level 


tcWL 


800 




ns 


Fig. 3 


Clock Set-up Time 




tcsu 


500 




ns 


Fig. 3 


Data Set-up Time 




tsu 


300 




ns 


Fig. 3 


Data Hold Time 




tDH 


300 




ns 


Fig. 3 


M Delay Time 




tDM 


-1000 


1000 


ns 


Fig. 3 



Notes: 

Loading Circuit (TTL Load): DB to DB 7 



HD44780 



5.0V 



Test Point O 



C=130pF ± 
R = 11kQ 

All Diodes: 1S2074® 




R L =2.4kQ 



HD44780A 



Test Point O- 



C = 50pF 
R=20kQ 

All Diodes: 1S2074® 




Loading Circuit (CMOS Load): CLi, CL2, D, M 



Test Point O- 



=p30pF 
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Power Supply Conditions Using Internal Reset Circuit 

LCD-II 

Limit 



Item 


Symbol 


Min 


Max 


Unit 


Test Condition 


Power Supply Rise Time 


tree 


0.1 


10 


ms 




Power Supply OFF Time 


tOFF 


1 




ms 





Since the internal reset circuit will not oper- 
ate normally unless the preceding conditions 
are met, initialize by instruction. (Refer to 
"Initializing by Instruction") 




(Note) t FF stipulates the time of power off for momentary power supply 
dip or when power supply cycles on and off. 



Figure 4 Internal Power Supply Reset 
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Terminal Function 



Table 1 Functional Description of Terminals 



Signal 
Name 


No. of 
Lines 


Input/ 
Output 


Connected 
to 


Function 


RS 


1 


Input 


MPU 


Signal to select registers. 
0: Instruction register 
(for write) 

Busy flag: address counter 
(for read) 
1 : Data register (for read and write) 


R/W 


1 


Input 


MPU 


Signal to select read (R) and write (W). 
0: Write 
1 : Read 


E 


1 


Input 


MPU 


Operation start signal for data read/write. 


DB4-DB7 


4 


Input/ 
Output 


MPU 


Higher order 4 bidirectional three-state data bus lines. 
Used for data transfer between the MPU and the LCD- 
II. DB 7 can be used as a BUSY flag. 


DB0-DB3 


4 


Input/ 
Output 


MPU 


Lower order 4 bidirectional three-state data bus lines. 
Used for data transfer between the MPU and the LCD- 
II. These four are not used during 4-bit operation. 


CM 


1 


Output 


HD44100H 


Clock to latch serial data D sent to the driver LSI 
HD44100H. 




1 


Oi i+r»i it 


nu*t*f 1 v/vrl 


V^IUCK IU Sill II Serial □ala U. 


M 


1 


Output 


HD441 00H 


Switch signal to convert liquid crystal drive waveform 
to AC. 


D 


1 


Output 


HD44100H 


Sends character pattern data corresponding to each 
common signal serially. 

0: Non selection 

1 : Selection 


COM 1 -COM ie 


16 


Output 


Liquid 
crystal 
display 


Common signals that are not used are changed to non- 
selection waveforms. That is, COM9-COM16 are non- 
selection waveforms at 1/8 duty factor, and COM 12- 
COM16 are non-selection waveforms at 1/11 duty 
factor. 


SEG1-SEG40 


40 


Output 


Liquid 
crystal 
display 


Segment signal. 


V1-V5 


5 




Power 
supply 


Power supply for liquid crystal display drive. 


Vcc, GND 


2 




Power 
supply 


V CC : +5 V, GND: V. 


OSC1, OSC 2 


2 






Terminals connected to resistor or ceramic filter for 
internal clock osillation. 

For external clock operation, the clock is input to 
OSC1. 
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Function Of Each Block 

Register 

The HD44780 has two 8-bit registers, an 
instruction register (IR), and a data register 
(DR). 

The IR stores instruction codes such as dis- 
play clear and cursor shift, and address 
information for display data RAM (DD RAM) 
and character generator RAM (CG RAM). The 
IR can be written from the MPU but not read 
by the MPU. 

The DR temporarily stores data to be written 
into the DD RAM or the CG RAM and data to 
be read out from DD RAM or CG RAM. Data 
written into the DR from the MPU is auto- 
matically written into the DD RAM or the CG 
RAM by internal operation. The DR is also 
used for data storage when reading data is 
read from the DD RAM or the CG RAM. When 
address information is written into the IR, 
data is read into the DR from the DD RAM or 
the CG RAM by internal operation. Data 
transfer to the MPU is then completed by the 
MPU reading DR. After the MPU reads the DR, 
data in the DD RAM or CG RAM at the next 
address is sent to the DR for the next read 



from the MPU. Register selector (RS) signals 
make their selection from these two registers. 

Busy flag (BF) 

When the busy flag is 1, the HD44780 is in the 
internal operation mode, and the next 
instruction will not be accepted. As table 2 
shows, the busy flag is output to DB7 when RS 
= and R/W = 1. The next instruction must 
be written after ensuring that the busy flag is 
0. 

Address counter (AC) 

The address counter (AC) assigns addresses 
to DD and CG RAMs. When an instruction-for 
address is written in IR, the address informa- 
tion is sent from IR to AC. Selection of either 
DD or CG RAM is also determined concur- 
rently by the instruction. 
After writing into (or reading from) DD or CG 
RAM display data, AC is automatically in- 
cremented by +1 (or decremented by -1). AC 
contents are output to DBo - DB6 when RS = 
and R/W = 1, as shown in table 2. 



Table 2 Register Selection 



RS 


R/W 


Operation 








IR write as internal operation (Display 
clear, etc.) 





1 


Read busy flag (DB7) and address 
counter (DB -DB 6 ) 


1 





DR write as internal operation (DR to DD 
or CG RAM) 


1 


1 


DR read as internal operation (DD or CG 
RAM to DR) 
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Display data RAM (DD RAM) 

The display data RAM (DD RAM) stores dis- 
play data represented in 8-bit character 
codes. Its capacity is 80 x 8 bits, or 80 char- 
acters. The display data RAM (DD RAM) that 
is not used for display can be used as a gen- 



eral data RAM. Relations between DD RAM 

addresses and positions on the liquid crystal 

display are shown below. 

The DD RAM address (Add) is set in the 

address counter (AC) and is represented in 

hexadecimal. 



Upper Order 
Bits 



Lower Order 
Bits "* 



AC 


AC6 


AC 5 


AC4 


AC3 


AC2 


AC1 


ACO 




Hexa 
decimal 


-j 


\ 


Hexadecimal -J 


(Example) 


DD RAM address 4E 








1 








1 


1 


1 







\ 


- 4 - 


/ \ 


E 







1-Line Display (N = 0) 

1. When there are fower than 80 display 
characters, the display begins at the head 
position. For example, 8 characters using 
1 HD44780 are displayed as: 



(digit) 1 
1-line 



79 80 



00 


01 


02 


03 


04 




4E 


4F 



Display 
Position 

DD RAM 
Address 



(digit) 
1 -line 



00 


01 


02 


03 


04 


05 


06 


07 



Display 
Position 

DD RAM 
Address 



When the display shift operation is per- 
formed, the DD RAM address moves as: 



(Left 
Shift 
Display) 

(Right 

Shift 

Display) 



01 


02 


03 


04 


05 


06, 


07 


08 




4F 


00 


01 


02 


03 


04 


05 


06 
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2. 16-character display using an HD44780 
and an HD44100H is as shown below: 



(digit) 



1-line 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 + 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 



Display 
Position 

DD RAM 
Address 



HD44780 Display 



HD44100H Display 



When the display shift operation is per- 
formed, the DD RAM address moves as: 



(Left 
Shift 
Display) 

(Right 

Shift 

Display) 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 



3. The relation between display position 
and DD RAM address when the number 
of display digits is increased through the 
use of one HD44780 and two or more 
HD44100H's can be considered an exten- 



sion of 2. 

Since the increase can be 8 digits for each 
additional HD44100H, up to 8a digits can 
be displayed by externally connecting 9 
HD44100H's. 



(digit) 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 
1-line 



73 74 75 76 77 78 79 80 



00 



01 



02 



03 



04 



05 



06 



07 



08 



09 



OA 



OB 



0C 



OD 



0E 



OF 



10 



12 



13 



48 



49 



4A 



4B 



4C 



4D4E 



4F 



HD44780 
Display 



Display 
Position 

DD RAM 
Address 



f L HD44100H (1) JL "^I^S -A- HD44100H (9) _J 



Display 



Display 



Display 



2-Line Display (N = 1) 



(digit) 


1 


2 


3 


4 


5 


39 


40 


1-line 


00 


01 


02 


03 


04 




26 


27 


2-line 


40 


41 


42 


43 


44 




66 


67 



Display 
Position 

DD RAM 
Address 
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When the number of display characters is 
less than 40 x 2 lines, the 2 lines are 
displayed from the head. Note that the 
first line end address and the second line 



start address are not consecutive. For 
example, when an HD44780 is used, 8 
characters x 2 lines are displayed as: 



(digit) 


1 


2 


3 


4 


5 


6 


7 


8 


1 -line 


00 


01 


02 


03 


04 


05 


06 


07 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 



Display 
Position 

DD RAM 
Address 



When display shift is performed, the DD 
RAM address moves as: 



(Left 
Shift 
Display) 



(Right 

Shift 

Display) 



01 


02 


03 


04 


05 


06 


07 


08 


41 


42 


43 


44 


45 


46 


47 


48 




27 


00 


01 


02 


03 


04 


05 


06 


67 


40 


41 


42 


43 


44 


45 


46 



2. 16 characters x 2 lines are displayed 
when an HD44780 and an HD44100H are 
used. 



(digit) 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 «- Dis P ,a V 

Position 



1-line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 


2-line 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 



DD RAM 
Address 



HD44780 Display 



HD44100H Display 



When display shift is performed, the DD 
RAM address moves as follows: 



(Left 
Shift 
Display) 



(Right 

Shift 

Display) 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 




27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 
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3. The relation between display position 
and DD RAM address when the number 
of display digits is increased by using one 
HD44780 and two or more HD44100H's, 
can be considered an extension of 2. 



Since the increase can be 8 digits x 2 
lines for each additional HD44100H, up to 
40 digits 2 lines can be displayed by con- 
necting 4 HD44780's externally. 



(digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1 -line 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


OC 


0D 


0E 


OF 


10 


11 


12 


13 




20 


21 


22 


23 


24 


25 


26 


27 




40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 




60 


61 


62 


63 


64 


65 


66 


67 





33 34 35 36 37 38 39 40 - Display 
position 
+ DD RAM 
address 
(Hexade- 
cimal) 



|_HD44780 JL_HD44100H(1) HD44100H HD44100H(4) \ 

Display Display (2), (3) Display 

Display 



Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 
7 dot or 5 x 10 dot character patterns from 8- 
bit character codes. It can generate 160 5 x 7 
dot character patterns and 32 5 x 10 dot 
character patterns. Table 3 shows the rela- 
tion between character codes and character 
patterns in the Hitachi standard 
HD44780A00. User defined character pat- 
terns are also available by mask-programmed 
ROM. 



Character Generator RAM (CG RAM) 

In the character generator RAM, the user can 
rewrite character patterns by program. With 
5x7 dots, 8 character patterns can be 
written and with 5 x 10 dots, 4 characters 
can be written. 

Write the character codes in the left column 
of table 3 to display character patterns stored 
inCGRAM. 

Table 4 shows the relation between CG RAM 
addresses and data and display patterns. 
As table 4 shows, an area that is not used for 
display can be used as a general data RAM. 
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Table 3 Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD44780A00) 



\. Higher 
Lower. A hit€S 

4 bits \ 


0000 


0010 


001 1 


0100 

oi 


0101 


01 10 


01 1 1 


1010 


1011 


1100 


1 101 


1110 


1111 


x x x x 0000 


CG 
RAM 

(1) 




s 


XT 1 


\ 


p 






•3 






P 


x x x x 0001 


(2) 


1 

■ 


l 


Q 
n 


Q 


•a 


•=1 


□ 


7 




mm| 


■ ■ 


1 

q 


x x x x 0010 


(3) 


II 


2 


o 


R 





r- 


r 


■f 






1 


1 

KJ 


x x x x001 1 


(4) 


tt 


■ 




1 


r\ 








■11 

M|M 
■ 


mil 

MJ_ 


:~. 


*? 


x x x x0100 


(5) 




ii. 






C 


t 


\ 


■3m 


h 




r 


fl 


x x x x0101 


(6) 


5S 






y 






n 






1 




■ 1 

u 


xxx x01 10 


(7) 


& 


6 




u 


f 




=i 


J? 






p 




xxx x01 1 1 


(8) 




7 


G 




g 


w 


mm, 








1 


"v 


x x x x 1 000 


(1) 


< 




- 


X 


"i 


X 


■f 




+ 




..r 


xxx x 1001 


(2) 


> 


9 


I 


V 


i 


y 


f 






lb 


-1 


M 


xxx x 1010 


(3) 




n 
n 


J 


2 


— ^ 


■Imml 


.X. 


■MM 

mm! 


ri 


V 


■ 

1 




xxx x 101 1 


(4) 


+ 


n 

7 


K 


C 


k 


•i 


7t 


-M_ 

M 


t 


n 


V 
X 




x x x x 1 1 00 


(5) 




< 


_ 


aalaa 


1 


1 


■j? 


= « 






* 


QQ 

n 


x x x x 1 101 


(6) 






M 


] 


n 


> 




MM| 


\ 




t 


■ 
■ 


x x x x 1 1 10 


(7) 




> 


N 




n 


mm|b 






I I 




n 




X x x x 1 1 1 1 


(8) 




■ 


Q 








•y 


y 


"? 


a 


■ ■ 

O 


ii 



Note: The user can specify any pattern for character-generator RAM. 
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Table 4 Relation between CG RAM Addresses and Character Codes (DD RAM) and 
Character Patterns (CG RAM Data) 

For 5x7 dot character patterns 



Character Codes 
(DD RAM Data) 



7 6 5 4 3 

Higher 
- Order 

Bits 



1 
Lower 
Order 
Bits 



0000*000 



* 1 



CG RAM 
Address 



5 4 3 2 1 

Higher Lower 

*~ Order Order 

Bits Bits 







1 







1 

1 
1 1 
1 1 



1 1 

1 

1 



1 1 
1 1 




7 6 5 4 3 2 1 
Higher Lower 

*~ Order Order' 
Bits Bits 



Character Patterns 
(CG RAM Data) 





*j0 



Character 
Pattern 
Example (1) 

Cursor 
+• Position 



Character 
Pattern 
Example (2) 



♦No effect 



Notes: 1 . Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types). 

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor 
position and display is formed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the state for 
cursor display. When the 8th line data is 1 , bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure 
(bit 4 being at the left end) . 

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data 
RAM. 

4. As shown in table 3, CG RAM character patterns are selected when character code bits 4- 
7 are all 0. However, since character code bit 3 has no effect, the "R" display in the 
character pattern example is selected by character code "00" (hexadecimal) or "08" (hex- 
adecimal). 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
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For 5 x 10 dot character patterns 



Character Codes 
(DP RAM Data) 



7 6 5 4 3 2 1 
Higher Lower 
Order Order 
Bits Bits 



0000* 00* 



CG RAM 
Address 
5 4 3 2 1 
Higher Lower 
*- Order Order H 
Bits Bits 








1 
10 
11 
10 
10 1 
110 

111 
10 
10 1 

i_o 2 o 

1 01 1 
110 
110 1 
1110 

1111 




1 6 5 4 3 2 1 
Higher Lower 

♦"Order Order"* 
Bits Bits 



Character Patterns 
(CG RAM Data) 




* * * * * 



* * * * * 



* * * * * 



Character 

Pattern 

Example 



Cursor 
Position 



*No Effect 



Notes: 1 . Character code bits 1 , 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types). 

2. CG RAM address bits 0-3 designate character pattern line position. The 11th line is the 
cursor position and display is formed by logical OR with the cursor. 

Maintain the 1 1 th line data corresponding to the cursor display position in the state for 
cursor display. When the 1 1th line data is 1 , bit 1 lights up regardless of cursor presence. 
Since the 1 2th- 1 6th lines are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4-7 are all 0. However, 
since character code bit and 3 have no effect, "P" display in the character pattern example 
is selected by character codes "00", "01 ", "08" and "09" (hexadecimal). 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
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Timing Generation Circuit 

The timing generation circuit generates tim- 
ing signals to operate internal circuits such as 
DD RAM, CG ROM, and CG RAM. RAM read 
timing needed for display and internal oper- 
ation timing by MPU access are separately 
generated so they do not interfere with each 
other. Therefore, when writing data to the 
DD RAM, for example, there will be no un- 
desirable influence, such as flickering, in 
areas other than the display area. This circuit 
also generates timing signals to operate the 
externally connected driver LSI HD44100H. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit con- 
sists of 16 common signal drivers and 40 
segment signal drivers. When character font 
and number of lines are selected by a pro- 
gram, the required common signal drivers 
automatically output drive waveforms, the 
other common signal drivers continue to 
output non-selection waveforms. 
The segment signal driver has essentially the 
same configuration as the driver LSI 
HD44100H. Character pattern data is sent 



serially through a 40-bit shift register and 
latched when all needed data has arrived. 
The latched data controls the driver for 
generating drive waveform outputs. The 
serial data can be sent to HD44100Hs, exter- 
nally connected in cascade, used for display 
digit number extension. 
Serial data send always starts at the display 
data character pattern corresponding to the 
last address of the display data RAM (DD 
RAM). 

Since serial data is latched when the display 
data character pattern corresponding to the 
starting address enters the internal shift reg- 
ister, the HD44780 drives the head display. 
The rest displays, corresponding to latter 
addresses, are added with each additional 
HD44100H. 

Cursor/Blink Control Circuit 

The cursor/blink control circuit generates the 
cursor or blink. The cursor or the blink appear 
in the digit at the display data RAM (DD 
RAM) address set in the address counter 
(AC). 

When the address counter is (08)i6, the cursor 
position is: 



(digit) 





AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


AC0 








AC 











1 

















1-line display 


















1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


{ 


I 00 


01 


02 


03 


04 


05 


06 


07 




09 


OA 





Display 
Position 

DD RAM 

Address 

(Hexadecimal) 



the cursor position 



In a 2-line display 



(digit) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


1st line^ 


00 


01 


02 


03 


04 


05 


06 


07 




09 


OA 


— J 


2nd line 
I 


40 


41 


42 


43 


44 


45 


46 


47( 


48 


49 


4A 





Display 
Position 

DD RAM 

Address 

(Hexadecimal) 



the cursor position 



Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 

The cursor or blink is displayed in the meaningless position when AC is a CG RAM address. 
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Interfacing To MPU 

In the HD44780, data can be sent in either 2 
4-bit operations or 1 8-bit operations so it can 
interface to both 4- and 8-bit MPUs. 

1. When interface data is 4-bits long, data is 
transferred using only 4 buslines: DB 4 -DB 
7. DB0-DB3 are not used. Data transfer 
between the HD44780 and the MPU 
completes when 4-bit data is transferred 
twice. Data of the higher order 4 bits 
(contents of DB4-DB 7 when interface data 
is 8 bits long) is transferred first, then the 



lower order 4 bits (contents of DB0-DB3 
when interface data is 8 bits long) is 
transferred. 

Check the busy flag after 4-bit data has 
been transferred twice (one instruction). 
Two 4-bit operations will then transfer 
the busy flag and address counter data. 

2. When interface data is 8 bits long, data is 
transferred using the 8 data buslines 
DB0-DB7. 





Instruction (IR) 
Write 



Busy Flag (BF) and 
Address Counter (AC) 
Read 



Data Register (DR) 
Read 



Figure 5 4-Bit Data Transfer Example 
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Reset Function 

Initializing by Internal Reset Circuit 

The HD44780 automatically initializes (re- 
sets) when power is turned on using the 
internal reset circuit. The following instruc- 
tions are executed during initialization. The 
busy flag (BF) is kept in busy state until 
initialization ends (BF = 1). The busy state is 
10 ms after Vcc rises to 4.5 V. 

1. Display clear 

2. Function set: 

DL = 1: 8 bit long interface data 
N == 0: 1-line display 
F = 0: 5 x 7 dot character font 

3. Display on/off control: 

D = 0: Display off 
C = 0: Cursor off 
B - 0: Blink off 



4. Entry mode set: 

I/D = 1: +1 (increment) 
S = 0: No shift 

Note: When conditions in "Power Supply 
Conditions Using Internal Reset Circuit" 
are not met; the internal reset circuit will 
not operate normally and initialization 
will not be performed. In this case 
initialize by MPU according to "Initializ- 
ing by Instruction". 

Initializing by Instruction 

If the power supply conditions for correctly 
operating the internal reset circuit are not 
met, initialization by instruction is required. 
Use the procedure in figures 6 and 7 for 
initialization. 
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C 



Power on 



Wait more than 15 ms 
after V C c rises to 4.5 V 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB, DB 
00001 1 **** 



Wait more than 4.1 ms 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB } DB 
00001 1 * *** 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



| BF cannot be checked before this instruction^ 
Function set (Interface is 8 bits long.) 



Wait for more than 100/ts 



BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB, DB 
00001 1 * * * * 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB, DB 
00001 1 N F * * 



0000001000 



0000000001 



1 l/D S 



Initialization ends 



BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 5) 



Function Set (Interface is 8 bits long. 
Specifiy the number of display lines and 
character font.) 

The number of display lines and character font 
cannot be changed afterwards. 

Display off 
Display clear 
Entry mode set 



Figure 6 8-Bit Interface 
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2: 



Q Power on ^ 



Wait more than 1 5 ms 
after V cc rises to 4.5V 



BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait more than 4.1 ms 



RS R/W DB 7 DB 6 DB 5 DB 4 
1 1 



RS R/WDB 7 DB 6 DB 5 DB 4 
1 1 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



Wait for more than 100^ts 



RS R/W DB 7 



DB 6 DB S DB 4 
1 1 






RS R/W DB 7 DB 6 DB 5 DB 4 
1 



N 


1 
F * * 



1 











1 








1 l/D S 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits length.) 



BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 5) 



Function Set (Set interface to be 4 bits long.) 
Interface is 8 bits length. 

Function Set (Interface is 4 bits long. Specify 
the number of display lines and character font.) 
The number of display lines and character font 
cannot be changed afterwards. 

Display off 
Display clear 
Entry Mode Set 



Initialization ends 



Figure 7 4-Bit Interface 
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Instructions 
Outline 

Only two HD44780 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to 
internal operation start, control information is 
temporarily stored in these registers, to allow 
interface from HD44780 internal operation to 
various types of MPUs that operate in differ- 
ent speeds or to allow interface to peripheral 
control ICs. HD44780 internal operation is 
determined by signals sent from the MPU. 
These signals include register selection sig- 
nals (RS), read/write signals (R/W) and data 
bus signals (OB0-DB7), and are here called 
instructions. Table 5 shows the instructions 
and their execution time. Details are ex- 
plained in subsequent sections. 
Instructions are of 4 types, those that, 

1. Designate HD44780 functions such as 
display format, data length, etc. 

2. Give internal RAM addresses 



3. Perform data transfer with internal RAM 

4. Others 

In normal use, category 3 instructions are 
used most frequently. However, automatic 
incrementing by +1 (or decrementing by —1) 
of HD44780 internal RAM addresses after 
each data write lessens the MPU program 
load. The display shift especially can perform 
concurrently with display data write, ena- 
bling the user to develop systems in mini- 
mum time with maximum programing effi- 
ciency. For an explanation of the shift func- 
tion in its relation to display, see table 7. 
When an instruction is executing during 
internal operation, no insruction other than 
the busy flag/address read instruction will be 
executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check to make 
sure it is 1 before sending an instruction from 
the MPU. 



Notes: 1 . Make sure the HD44780 is not in the busy state (BF = 0) before sending the instruction 
from the MPU to the HD44780. If the instruction is sent without checking the busy flag, the 
time between first and next instructions is much longer than the instruction time. See table 
5 for a list of each instruction execution time. 
2. After execution of a CG RAM/DD RAM data write or read instruction, the RAM address 
counter is increased or decreased by 1 . The RAM address counter is updated after the busy 
flag turns off. In figure 7 tADD is the time elapsed after the busy flag turns off until the address 
counter is updated. 



Busy signal Busy state »» 

(DB 7 pin) 












Address counter 
(DB to DB 6 pins) 




X 


A+1 












tADD 






tADD depends on the operation frequency 
tADD = 1 -5/(fcp or f sc) seconds 







Figure 8 Address Counter Update 
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Table 5 Instructions 



Instruction 



Code 



RS 



R/W DB 7 



DB 6 



DB 5 



DB 4 



DB 3 



DB 2 



DBi 



DB 



Description 



Execution Time 
(max) 

(when fcp or 
fosc is 250 kHz) 



Clear 
Display 



Clears entire display and sets DD 
RAM address in address counter. 



1 .64 ms 



Return 
Home 



Sets DD RAM address in address 
counter. Also returns display being 
shifted to original position. DD 
RAM contents remain unchanged. 



1 .64 ms 



Entry 
Mode Set 



l/D 



Sets cursor move direction and 
specifies shift of display. These 
operations are performed during 
data write and read. 



40//S 



Display 
On/Off 
Control 



Sets ON/OFF of entire display (D), 
cursor ON/OFF (C), and blink of 
cursor position character (B). 



40//S 



Cursor or 

Display 

Shift 



S/C 



R/L 



Moves cursor and shifts display 
without changing DD RAM con- 
tents. 



40/xs 



Function 
Set 



DL 



Sets interface data length (DL), 
number of display lines (L) and 
character font (F). 



40//S 



Set CG RAM 
Address 



ACG 



Sets CG RAM address. CG RAM 
data is sent and received after this 
setting. 



40/<s 



Set DD RAM 
Address 



ADD 



Sets DD RAM address. DD RAM 
data is sent and recevied after this 
setting. 



Read 
Busy Flag 
& Address 



BF 



AC 



Reads Busy flag (BF) indicating 
internal operation is being perfor- 
med and reads address counter 
contents. 



0//s 



Write Data 
to CG or 
DD RAM 



Write Data 



Writes data into DD RAM or CG 
RAM. 



40//S 
tADD = 6 pis (Note 2) 



Read Data 
from CG or 
DD RAM 



1 



Read Data 



Reads data from DD RAM or CG 
RAM. 



40^s 
tADD - 6 //s (Note 2) 



l/D = 1 : Increment 

l/D = 0: Decrement 

S = 1 : Accompanies display shift 

S/C = 1 : Display shift 

S/C= 0: Cursor move 

R/L - 1 : Shift to the right 

R/L= 0: Shift to the left 

DL =1:8 bits, DL= 0: 4 bits 

N =1:2 lines, N= 0: 1 line 

F « 1 : 5x10 dots, F= 0: 5x7 dots 

BF = 1 : Internally operating 

BF = 0: Can accept instruction 



DD RAM: Display data RAM 
CG RAM : Character generator 
RAM 

Acg: CG RAM address 
Add: DD RAM address: 

Corresponds to cursor address 
AC: Adress counter used for both 

DD and CG RAM address. 



Execution time 
changes when 
frequency changes 
Example: 

When fcp or fosc 
is 270 kHz: 

40//S x 37/iS 



* No effect 
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Description of Details 
1. Clear Display 

Code 



RS 


R/W 


DB 7 





























































1 



Writes space code 20 (hexadecimal) 
(character pattern for character code 20 
must be blank pattern) into all DD RAM 
addresses. Sets DD RAM address in 
address counter. Returns display to its 
original status if it was shifted. In other 



words, the display disappears and the 
cursor or blink go to the left edge of the 
display (the first line if 2 lines are dis- 
played). Set I/D = 1 (increment mode) in 
entry mode. S of entry mode doesn't 
change. 



2. Return Home 



RS R/W DB 7 ■ — DB 



Code 


























1 


♦ 


























* Don't care 



Sets the DD RAM address in address 
counter. Returns display to its original 
status if it was shifted. DD RAM contents 
do not change. 



The cursor or blink go to the left edge of 
the display (the first line if 2 lines are 
displayed). 



3. Entry Mode Set 



RS R/W DB 7 — - 



DB 



Code 
























1 


l/D 


S 



I/O: Increments (I/D = 1) or decrements 
(I/D = 0) the DD RAM address by 1 
when a character code is written 
into or read from the DD RAM. 
The cursor or blink moves to the 
right when incremented by 1 and to 
the left when decremented by 1. 
The same applies to writing and 
reading of CG RAM. 



S: Shifts the entire display either to 
the right or to the left when S is 1; to 
the left when I/D = 1 and to the 
right when I/D = 0. 
Thus it looks as if the cursor stands 
still and the display moves. The 
display does not shift when reading 
from the DD RAM when writing 
into or reading out from the CG 
RAM causes a shift when S = 0. 
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4. Display On/Off Control 

RS R/W DB 7 

Code 



DB 





















1 


D 


C 


B 



The display is on when D = 1 and off 
when D = 0. When off due to D = 0, 
display data remains in the DD 
RAM. It can be displayed instantly 
by setting D = 1. 

The cursor is displayed when C = 1 
and is not displayed when C = 0. 
Even if the cursor disappears, the 
function of I/D, etc. does not change 
during display data write. The cur- 
sor is displayed using 5 dots in the 
8th line when the 5x7 dot charac- 
ter font is selected and 5 dots in the 
11th line when the 5 x 10 dot char- 




5x7 dot character font 5x10 dot character font 



Cursor Display Example 



acter font is selected (Figure 9). 
B: The character indicated by the cur- 
sor blinks when B = 1 (Figure 9). 
The blink is displayed by switching 
between all blank dots and display 
characters at 409.6 ms intervals 
when fcp or fosc = 250 kHz. The 
cursor and the blink can be set to 
display simultaneously. (The blink 
frequency changes according to 
the reciprocal of fcp or fosc. 406.9 x 
250 

= 379.2 ms when fcp = 270 

kHz.) 




Alternating display 
Blink Display Example 



Figure 9 Cursor and Blink 
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5. Cursor or Display Shift 





RS 


R/W 


DB 7 














DB 




Code 

















1 


s/c 


R/L 






* Don't care 



Shifts cursor position or display to the 
right or left without writing or reading 
display data (Table 6). This function is 
used to correct or search for the display. 
In a 2-line display, the cursor moves to the 
2nd line when it passes the 40th digit of 
the 1st line. Notice that the 1st and 2nd 
line displays will shift at the same time. 

6. Function Set 



When the displayed data is shifted 
repeatedly each line only moves horizon- 
tally. The 2nd line display does not shift 
into the 1st line postion. 
Address counter (AC) contents do not 
change if the only action performed is 
display shift. 



RS R/W DB 7 DB 



Code 














1 


DL 


N 


F 


* 


♦ 


























♦ Don't care 



DL: Sets interface data length. Data is When the 4 bit length is selected, 

sent or received in 8 bit lengths data must be sent or received twice. 

(DB7-DB0) when DL = 1 and in 4 bit N: Sets number of display lines, 

lengths (DB7-DB4) when DL = 0. F: Sets character font. 



Note: Perform the function at the head of the program before executing any instructions 
(except "Busy flag/address read"). From this point, the function set instruction 
cannot be executed unless the interface data length is changed. 



Table 6 Shift Function 
S/C R/L 









Shifts the cursor position to the left. 
(AC is decremented by one.) 





1 


Shifts the cursor position to the right. 
(AC is incremented by one.) 


1 





Shifts the entire display to the left. The 
cursor follows the display shift. 


1 


1 


Shifts the entire display to the right. 
The cursor follows the display shift. 



Table 7 Function Set 

No. of Character Duty 



N 


F 


Display Linos 


Font 


Factor 


Remarks 








1 


5x7 dots 


1/8 







1 


1 


5 x 10 dots 


1/11 




1 




2 


5x7 dots 


1/16 


Cannot display 2 lines with 5x10 dot char- 



acter font 

* Don't care 
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7. Set CG RAM Address 





RS 


R/W 


DB 7 














DB 


Code 











1 


A 


A 


A 


A 


A 


A 



. Higher 
Order Bits 



Lower 
Order Bits 



Sets the CG RAM address binary 
AAAAAA into the address counter. 



Data is then written or read from the MPU 
for the CG RAM. 



8. Set DD RAM Address 





RS 


R/W 


DB 7 














DB 


Code 








1 


A 


A 


A 


A 


A 


A 


A 



Higher 
Order Bits 



Lower 
Order Bits 



Sets the DD RAM address binary 
AAAAAAA into the address counter. 
Data is then written or read from the MPU 
for the DD RAM. 

However, when N = (1-line display), 



AAAAAAA can be 00-4F (hexadecimal). 
When N = 1 (2-line display), AAAAAAA 
can be 00-27 (hexadecimal) for the first 
line, and 40-67 (hexadecimal) for the 
second line. 



9. Read Busy Flag and Address 



RS R/W DB 7 — ^ DB 






1 


BF 


A 


A 


A 


A 


A 


A 


A 



Code 



^ Higher 

Order Bits 

Reads the busy flag (BF) that indicates 
that the system is now internally operat- 
ing on a previously received instruction. 
BF = 1 indicates that internal operation is 
in progress. The next instruction will not 
be accepted until BF isset to 0. Check the 
BF status before the next wire operation. 



Lower 
Order Bits 

At the same time, the value of the 
address counter expressed in binary as 
AAAAAAA is read out. The address 
counter is used by both CG and DD RAM 
addresses, and its value is determined by 
the previous instruction. Address con- 
tents are the same as in items 7 and 8. 



10. Write Data to CG or DD RAM 



RS R/W DH 7 



— DB 



Code 



DB 7 



^ Higher 
Order Bits 



Lower 
Order Bits" 



Writes binary 8-bit data DDDDDDDD to 
the CG or the DD RAM. 
Whether the CG or DD RAM is to be 
written into is determined by the previ- 
ous specification of CG RAM or DD RAM 



address setting. After write, the address 
is automatically incremented or de- 
cremented by 1 according to entry mode. 
The entry mode also determines display 
shift. 
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11. Read Data from CG or DD RAM 





RS 


R/W 


DB 7 














DB 


Code 


1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



Higher 
Order Bits 



Lower _ 
Order Bits 



Reads binary 8-bit data DDDDDDDD from 
the CG or DD RAM. 

The previous designation determines 
whether the CG or DD RAM is to be read. 
Before entering the read instruction, you 
must execute either the CG RAM or DD 
RAM address set instruction. If you don't, 
the first read data will be invalidated. 
When serially executing read instruc- 
tions, the next address data is normally 
read from the second read. The address 
set instruction need not be executed just 

Note: 



before the read instruction when shifting 
the cursor by cursor shift instruction 
(when reading out DD RAM). The cursor 
shift instruction operation is the same as 
that of the DD RAM's address set instruc- 
tion. 

After a read, the entry mode automati- 
cally increases or decreases the address 
by 1. However, display shift is not 
executed no matter what the entry mode 
is. 



The address counter (AC) is automatically incremented or decremented by 1 after write 
instructions to either CG RAM or DD RAM. RAM data selected by the AC cannot then be 
read out even if read instructions are executed. The conditions for correct data readout are: 
execute either the address set instruction or cursor .shift instruction (only with DD RAM), 
then just before reading out execute the "read" instruction from the second time the "read" 
instruction is sent. 
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How To Use The HD44780 
Interface to MPU 

1. Interface to 8-Bit MPU 

When connecting to 8-bit MPU through 
PIA 

Figure 10 is an example of using a PIA or 
I/O port (for single chip microcomputer) 
as an interface device. Input and output 



of the device is TTL compatible, 

In the example, PBo to PB7 are connected 

to the data buses DBo to DB7 and PAo to 

PA2 are connected to E, R/W and RS 

respectively. 

Pay attention to the timing relation 
between E and other signals when read- 
ing or writing data and using PIA as an 
interface. 



rs i ; — — 


R/W J 


1 




~\ 








_/~^_ 














Internal I 


Internal Operation 




1 








No 




DB 7 V/A Data Data V//////. 


Instruction 
Write 


Busy Flag 
Check 


Busy Flag 
Check 


Busy Flag 
Check 


Instruction 
Write 



Figure 10 Example of Busy Flag Check Timing Sequence 



A15 




csi 




















16 


A14 




CSi 


PA 2 




RS COMi- 








A13 




CS 






COMie 

R/W 








PAi 






A, 




RS1 
RSo 






HD68B00 Aq 




PA 




E HD44780 








40 


R/W 
VMA 




R/W 






SEd- 
SEG40 




HD68B21 






=0- 


E 


8 










PB0-PB7 


DB -DB 7 






8 








DB0-DB7 


D -D 










^ ^ „,„. 


7 









to Liquid 
' Crystal 
Display 



HD68B00: 8 bit CPU 



Figure 11 Example of Interface to HD68B00 Using PIA (HD68B21) 
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Connecting directly to the 8-bit MPU bus 
line 



HD6800 



VMA 

A 15 
Ao 
R/W 

D -D 7 



COMi- 
E COM 16 
HD44780 

RS 

R/W 



DB0-DB7 



SEd- 
SEG40 



16 



40 

—re- 



connected 
to LCD. 



Figure 12 8-Bit MPU Interface 

Example of interfacing to the HD6805 



A A 7 

HD6805 C 
C1 

c 2 


8 


DB DB 7 C0Ml " 
7 COM! 6 

HD44780 

E 

RS SEQ 1 " 
r/W SEG40 


16 


* /■ * 


y~-+- 

40 
7^— 











Connected 
to LCD. 



Figure 13 HD6805 Interface 

Example of interfacing to the HD6301 



HD6301 



P34 
P35 
P36 

Pl0~Pl7 



RS 

R/W 

E 



COM!- 
COM 1£ 



HD44780 
DB -DB 7 



SEGt- 
SEG40 



16 



40 



Connected 
to LCD. 



Figure 14 HD6301 Interface 
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2. Interface to 4-bit MPU 

The HD44780 can be connected to a 4-bit 
MPU through the 4-bit MPU I/O port. If 
the I/O port has enough bits, data can be 
transferred in 8-bit lengths, but if there 
are insufficient bits, the transfer is made 
in two operations of 4 bits each (with 
designation of interface data length for 4 



bits). In the latter case, the timing 
sequence becomes somewhat complex. 
(See figure 15) 

Figure 15 shows an example of interface 
to the HMCS43C. 

Note that 2 cycles are needed for the 
busy flag check as well as the data trans- 
fer. 4-bit operation is selected by pro- 
gram. 



RS 
R/W 



Internal 



\ 

rvr\_ru^ r\r\ 



J Internal Operation L 



No 



db 7 m&m^^^^^i^mcEXsE)^^. 

Instruction I Busy Flag Busy Flag I Instruction 

Write Check Check Write 

Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 



Figure 15 An Example of 4-Bit Data Transfer Timing Sequence 



D 15 
Du 

HMCS43C °™ 



RS 






COMi- 


R/W 


COM 16 


E 


HD44780 




SEGi - 


DB 4 - 


-DB 7 SEG 40 



16 



40 



Connected 
to Liquid 
Crystal 
Display 



HMCS43C: Hitachi 4-bit single-chip microcontroller 



Figure 16 Example of Interface to the HMCS43C 



HITACHI 

1 52 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HD44780, HD44780A (LCD-II) 



Interface to Liquid Crystal Display 

1. Character Font and Number of Lines 
The HD44780 can perform 2 types of 
display, 5x7 dots and 5 x 10 dots char- 
acter font, with a cursor on each. 
Up to 2 lines are displayed with 5x7 dots 
and 1 line with 5 x 10 dots. Therefore, 
three types of common signals are avail- 
able (Table 8). 



Number of lines and font types can be 

selected by program. 

(See to Table 5, Instructions) 

2. Connection to HD44780 and Liquid Crys- 
tal Display 

Figure 17 shows connection examples. 



Table 8 Common Signals 



Number of 
Lines 


Character Font 


Number of 
Common Signals 


Duty 
Factor 


1 


5x7 dots + Cursor 


8 


1/8 


1 


5x10 dots + Cursor 


11 


1/11 


2 


5x7 dots + Cursor 


16 


1/16 




Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) 



(a) Example of a 5x7 dot, 8 character xl line Display (1/4 Bias, 1/8 Duty Cycle) 




Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) . 



(b) Example of a 5x10 dot, 8 character x1 line Display (1/4 Bias, 1/8 Duty Cycle) 



Figure 17 Liquid Crystal Display and Connections to HD44780 
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Since 5 SEG signal lines can display one 
digit, one HD44780 can display up to 8 
digits for 1-line display and 16 digits for 2- 
line display. 

In Figure 15 examples (a) and (b), there 
are unused common signal terminals, 
which always output non-selection 



waveforms. When the liquid crystal dis- 
play panel has unused extra scanning 
lines, avoid undesirable influences due to 
crosstalk in the floating state by connect- 
ing the extra scanning lines to these 
common signal terminals (Figure 18). 



COM! 
COM 8 

COMo 



COM! 6 
HD44780 

SEGi 



SEG40 



II 111 



Mil 



Liquid Crystal 
Display Panel 
(8 characters 
x2 lines) 



(c) Example of 5x7 dot, 8 character x 2 lines Display (1/5 Bias, 1/16 Duty Cycle) 



Figure 17 Liquid Crystal Display and Connections to HD44780 (cont) 



COM, 



COM 8 

COMg 
HD44780 

SEG, 



SEG 4 




5x7 dot, 8 character x1 line Display (1/4 Bias, 1/8 Duty Cycle) 



Figure 18 Using COM 9 to Avoid Crosstalk on Unneeded Scanning Line 
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3. Connection of Changed Matrix Layout 

In the preceding examples, the number of 
lines matched the number of scanning 
lines. The display types figure 17 are 
made possible by changing the matrix 
layout in the liquid crystal display panel. 
In either case, the only change is the 



layout. Display characteristics and the 
number of liquid crystal display charac- 
ters depend on the number of common 
signals (or duty factor). Note that the 
display data RAM (DD HAM) addresses 
for 8 characters x 2 lines and 16 charac- 
ters x 1 line are the same as shown in 
figure 15. 



COM! 

COM 8 

SEG, 

HD44780: 

SEG40 
COMg 

COM 16 



SEGi 



SEG21 
SEG40 



5x7 dot, 16 character x1 line Display 
(1/5 Bias, 1/16 Duty Cycle) 




5x7 dot, 4 character x 2 line Display 
(1/4 Bias, 1/8 Duty Cycle) 



Figure 19 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal Display 
Drive 

Various voltage levels must be applied to 
HD44780 terminals Vi to V5 to obtain liquid 
crystal display drive waveforms. The voltages 



must be changed according to duty factor. 
Table 9 shows the relation. 

Vlcd gives the peak values for liquid crystal 
display drive waveforms. Resistance dividing 
provides each voltage as shown in figure 20. 



Table 9. Duty Factor and Power Supply 
for Liquid Crystal Display 
Drive 



Duty Factor 


1/8, 1/11 


1/16 


Power \^Bias 
Supply ^\ 


1/4 


1/5 


Vi 


Vcc -1/4 Vlcd 


V CC -1/5 Vlcd 


v 2 


V CC -1/2 Vlcd 


V CC -2/5 Vlcd 


v 3 


Vcc- 1/2 Vlcd 


V CC -3/5 Vlcd 


v 4 


V CC -3/4 Vlcd 


Vcc -4/5 Vlcd 


v 5 


Vcc -Vlcd 


Vcc -Vlcd 



Vcc 
V, 

v 2 
v 3 
v 4 
v 5 








►R 

R 

\ 

:R 
;R 








rVR 





-5V 



1/4 Bias 

(1/8, 1/11 Duty Cycle) 



V CC 

Vi 
V 2 
V 3 
V 4 
V 5 



1/5 Bias 

(1/16 Duty Cycle) 



V CC ( + 5V) 



VR 



Figure 20 Drive Voltage Supply Example 
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Relation between Oscillation Frequency 
and Liquid Crystal Display Frame Fre- 
quency 

The examples in figure 21 of liquid crystal oscillation frequency is 250 kHz (1 clock = 4 
display frame frequency apply only when ^s). 



1. 1/8 Duty Cycle 



V CC " 
COMt Vt - 
V 2 (V 3 ) - 
V 4 - 
V 5 - 



— 400 clocks 

2 I 3 I 4 I- 



1 frame 



8 I 1 I 2 I 



1 frame = 4(/£s) x 400 x 8 = 12800 Us) = 12.8(ms) 
Frame frequency = 12 8(ms) = 78 " ^ ^ Hz ^ 



2. 1/11 Duty Cycle 



V cc 
COMi ^ 
V 2 (V 3 ) 
V 4 • 

V 5 ■ 



y 400 clocks 

|' 1 '| 2 | 3 | 4 



11 | 1 I 2 

I 



I 



1 frame 



1 frame = 4 (as) x 400 x 1 1 = 1 7600 Us) = 1 7.6 (ms) 
Frame frequency = ^7 6(ms) = 56 8 ^ Hz ^ 



3. 1/16 Duty Cycle 



Vcc 
V1 

COM! V 2 
V 3 
V 4 
V 5 





2 I 3 I 4 I 1 16 I 1 | 2 | 












































































I 


I 





1 frame 



1 frame = 4 Us) x 200 x 16 = 12800 Us) = 12.8 (ms) 
Frame frequency = 12 8(ms) = 78 ' 1 ^ Hz ^ 



Figure 21 Frame Frequency 
HITACHI 
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Connection with Driver LSI HD44100H 

You can increase the number of display digits 
by externally connecting an HD44100H liquid 
crystal display driver LSI to the HD44780. 
When connected to the HD44780, the 
HD44100H is used as segment signal driver. 
The HD44100H can be connected to the 
HD44780 directly since it supplies CLi, CL2, M, 
and D signals and power for liquid crystal 
display drive/Figure 22 shows a connection 
example. 



Caution: Connection of voltage supply ter- 
minals Vi through Vb for liquid crystal display 
drive is complicated. 

Up to 9 HD44100H units can be connected for 
1-line display (duty factor 1/8 or 1/11) and up 
to 4 units for the 2-line display (duty factor 1/ 
16). RAM size limits the HD44780 to a maxi- 
mum of 80 character display digits. The con- 
nection method in figure 22 remains un- 
changed for both 1-line and 2-line display or 5 
x 7 and 5 x 10 dot character fonts. 
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I 



o 

Q 



o 



cc 

Q 



XL 

Q Q 



Vi 

vL 
V4 

4 

4 

GND 
V C C 
M 

co JTJ 4 CL 2 
cjxi CLi 

U-COCO 1 



X 

8 



XL 



o 



-I cc 

o o 



GND 
V CC 
M 

co_j-?CL 2 
<->Xl CL1 



I 
o 
o 



A 



XL 



J £ Ye 

vY,' 

GND 
V CC 
M 

co -I -J CL2 
UI I CLi 

U-CO CO 1 



I I I 



I I I 



1 I I I I 

111!!! 



>iii 



1 1 1 



o y. 



CO 

1 



Figure 22 Example of Connecting HD44100H to HD44780 
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Instruction and Display Correspondence 

1. 8-bit operation, 8-digit x 1-line display 
(using internal reset) 

Table 10 shows an example of 8-bit x 1- 
line display in 8-bit operation. The 
HD44 780 functions must be set by funtion 
set instruction prior to display. Since the 
display data RAM can store data for 80 
characters, as explained before, the RAM 
can be used for displays like a lighting 
board when combined with display shift 
operation. 

Since the display shift operation changes 
display position only and DD RAM con- 
tents remain unchanged, display data 
entered first can be output when the 
return home operation is performed. 

2. 4-bit operation, 8-digit x 1-line display 
(using internal reset) 

The program must set functions prior to 
4-bit operation. Table 11 shows an exam- 
ple. When power is turned on, 8-bit 
operation is automatically selected and 
the first write is performed as an 8-bit 



operation. Since nothing is connected to 
DB0-DB3, a rewrite is then required. 
However, since one operation is com- 
pleted in two accesses of 4-bit operation, 
a rewrite is needed as a function (see 
table 11). Thus, DB4-DB7 of the function set 
is written twice. 

3. 8-bit operation, 8-digit x 2-line display 

For 2-line display, the cursor automati- 
cally moves from the first to the second 
line after the 40th digit of the 1st line has 
been written. Thus, if there are only 8 
characters in the first line, the DD RAM 
address must again be set after the 8th 
character is completed. (See table 12). 
Note that the first and second lines of the 
display shift are performed. In the exam- 
ple, the display shift is performed when 
the cursor is on the second line. However, 
if the shift operation is performed when 
the cursor is on the first line, both the first 
and second lines move together. When 
you repeat the shift, the display of the 
second line will not move to the first line, 
the same display will only move within 
each line many times. 



Note: When using the internal reset, the conditions in "Power Supply Condition Using Internal 
Reset Circuit" must be satisfied. If not, the HD44780 must be initialized by insruction. (See 
"Initializing by Instruction") 
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Table 10 8-Bit Operation, 8-Digit 1-Line Display Example 
(Using Internal Reset) 



Ma 
niO a 


Instruction 


Displsy 


Oporation 


1 


Power supply on (HD44780 is initialized by 
the internal reset circuit) 




Initialized. No display appears. 


2 


Function Set 

RS R/W DB 7 "--^ DBo 

00001 100** 




Sets to 8-bit operation and selects 1 - 
line display lines and character font. 
(Number of display lines and character 
fonts cannot be changed after this.) 


3 


Display On/Off Control 

111 


l_ I 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization . 


4 


Entry Mode Set 

00 00000 1 1 


I- I 


Sets mode to increment the address 
by one and to shift the cursor to the 
right at the time of write to the DD/CG 
RAM. 

Display is not shifted. 


5 


Write Data to CG RAM/DD RAM 

1 1 10 




Write "H". The DD RAM has already 
been selected by initialization when 
the power is turned on. 
The cursor is incremented by one and 
shifted to the right. 


6 


Write Data to CG RAM/DD RAM 

1 10 1 1 


[H!_ r 


Writes "I". 


7 












8 


Write Data to CG RAM/DD RAM 

1 1 1 1 


| HITACHI_ | 


Writes "I". 


9 


Entry Mode Set 

1 1 1 


| HITACHI_ | 


Sets mode for display shift at the time 
of write. 


10 


Write Data to CG RAM/DD RAM 

1 0001 0000 


|lTACHI _ | 


Writes "Space" . 


11 


Write Data to CG RAM/DD RAM 

1 10 1 1 1 


| TACHI M_ | 


Writes "M". 


12 













\ 
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No. 


Instruction 


Display 


Operation 


13 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 1 


| MICROKO_ | 


Writes "0". 


14 


Cursor or Display Shift 

0000100** 


| MICROKO | 


Shifts only the cursor position to the 
left. 


15 


Cursor or Display Shift 

1 * * 


| MICROKO | 


Shifts only the cursor position to the 
left. 


16 


Write Data to CG RAM/DD RAM 

1 1 1 1 


| ICROCO | 


Writes "C" (correction) . 
The display moves to the left. 


17 


Cursor or Display Shift 
00000 11 1 ** 


| MICROCO | 


Shifts the display and cursor position 
to the right. 


18 


Cursor or Display Shift 

00001 01 ** 


| MICROCO_ | 


Shifts the display and cursor position 
to the right. 


19 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 


| ICROCOM | 


Writes "M". 


20 








21 


Return Home 

00000 0001 


I HITACHI ( 


Returns both display and cursor to the 
original position (Address 0) . 



Table 11 4-Bit Operation, 8-Digit 1-Line Display Example 
(Using Internal Reset) 



No. 


Instruction 


Display 


Operation 


1 


Power supply on (HD44780 is initialized by 
the internal reset circuit) 




Initialized. No display appears. 


2 


Function Set 

RSR/WDBy DB 4 
1 


I I 


Sets to 4-bit operation. 
In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 


3 


Function Set 

1 

* * 


l l 


Sets 4-bit operation and selects 1 -line 
display and 5x7 dot character font. 
4-bit operation starts from this point 
on and resetting is needed. 
(Number of display lines and character 
fonts cannot be changed hereafter.) 


4 


Display On/Off Control 

11 1 


I- I 


Turns on display and cursor. Entire 
display is in space mode because of 
initialization. 


5 


Entry Mode Set 



1 1 


I I 


Sets mode to increment the address 
by one and to shift the cursor to the 
right, at the time of write, to the DD/ 
CG RAM. Display is not shifted. 


6 


Write Data to CG RAM/DD RAM 
10 10 
10 10 


|H_ I 


Writes "H". 

The cursor is incremented by one and 
shifts to the right. 



Hereafter, control is the same as 8-bit operation. 
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Table 12 8-Bit Operation, 8-Digit X 2-Line Display Example 
(Using Internal Reset) 



No. 


Instruction 


Display 


Operation 


1 


Power supply on (HD44780 is intialized by the 
internal reset circuit) 








Initalized. No display appears. 


2 


Fi inction Spt 

1 UIIVsllVJII uCl 








Ocio iu o-uu upcraiiuii aiiu seicuio £- 

line display and 5x7 dot character 
font. 


RS R/WDB 7 - — ■ - DB 

1 1 1 * * 




3 


Display On/Off Control 

1 1 1 








Turns on display and cursor. All dis- 
play is in space mode because of 
initialization. 


4 


Entry Mode Set 

00000001 1 








Sets mode to increment the address 
by one and to shift the cursor to the 
right, at the time of write, to the DD/ 
CG RAM Disnlav is not shifted 


5 


Write Data to CG RAM/DD RAM 
1001 001 000 




H 




Writes "H". The DD RAM has already 
been selected by initialization when 

thp nnwpr turnpH nn 

The cursor is incremented by one and 
shifted to the right. 


6 








7 


Write Data to CG RAM/DD RAM 

1 1 1 1 




HITACHI 




Writes "1". 


8 


Set DD RAM Address 

001 1 000 00 




HITACHI 




Sets RAM address so that the cursor is 
positioned at the head of the 2nd line. 


9 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 




HITACHI 
M 




Writes "M". 


10 








11 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 1 




HITACHI 
MICROCO 




Writes "O". 


12 


Entry Mode Set 

1 1 1 




HITACHI 
MICROCO 




Sets mode for display shift at the time 
of write. 


13 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 




ITACHI 
ICROCOM_ 




Writes "M". Display is shifted to the 
right. 

The first and second lines' shift oper- 
ate at the same time. 


14 








15 


Return Home 

0000000 1 




HITACHI 
MICROCOM 




Returns both display and cursor to the 
original position (Address 0) . 
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Modifying Character Patterns 

1. Character Pattern Development Proce- 
dure 



Computer 
processing 



Create character 
pattern listing 



k Evaluate character i 
\ patterns / 




NO 



► Back to 
start 



YES 



Art work 




Sample 



\ Sample / ^ 
\ evaluation / ^ 




OK 



YES 



^Mass production^ 



User 



^ Start ^ 



Determine 
character patterns 



Create ERROM 
address data listing 



Write EPROM 



EPROM- 
Hitachi 



® 



Figure 23 Character Pattern Development Procedure 
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The numbers in figure 17 correspond to the 
following operations: 

a. Determine the correspondence between 
character codes and character patterns. 

b. Create a listing indicating the corre- 
spondence between EPROM addresses 
and data. 

c. Program character patterns in the 
EPROM. 

d. Send the EPROM to Hitachi. 

e. Hitachi performs computer processing 
with the EPROM to create a character 
pattern listing and sends it to the user. 

f. If there is no problem in the character 
pattern listing, Hitachi creates a trial LSI 
and sends samples to the user. The user 
evaluates the samples. When it is con- 



firmed that character patterns are cor- 
rectly written, Hitachi starts mass pro- 
duction of the LSI. 

2. Programming Character Patterns 

This section explains the correspondence 
between addresses and data used to 
program character patterns in EPROM. 
The LCD-II character generator ROM can 
generate 160 5 x 7-dot character patterns 
and 32 5 x 10-dot character patterns for a 
total of 192 different character patterns. 

a. 5 x 7-dot Character Pattern 

For a 5 x 7-dot character pattern, EPROM 
address data and character pattern cor- 
respond with each other as shown below. 
Table 13 is an example of the correspon- 
dence between EPROM address data and 
character pattern (5x7 dots). 



Table 13 Example of Correspondence between EPROM Address Data and Character 
Pattern (5X7 dots) 



EPROM address Data 

(LSB) 

A10 A9 A 8 A7 A6 A 5 A4 A3 A 2 A1 Aq O4 3 2 d Oo 



1 




Character code Line position 



(1) EPROM addresses A10 to A 3 corre- (4) A lit display position (black) corre- 
spond to a character code. sponds to 1. 

(2) EPROM addresses A2 to Ao specify a (5) Fill line 8 (cursor position) of charac- 
line position of character pattern. ter pattern with 0. 

(3) EPROM data 4 to Oo correspond to (6) EPROM data O5 to O? are not used, 
character pattern data. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 165 



HD44780, HD44780A (LCD-II) 



b. 5 x 10-dot Character Pattern 

For a 5 x 10-dot character pattern, EPROM 
address data and character pattern cor- 
respond with each other as shown in 
table 14. 

(1) EPROM addresses Aw to A3 corre- 
spond to a character code. Set Ae and 
A9 of character pattern line 9 and 
later lines to 0. 

(2) EPROM addresses A2 to Ao specify a 
line position of character pattern. 

(3) EPROM data O4 to Oo correspond to 
character pattern data. 

(4) A lit display position (black) corre- 
sponds to 1. 

(5) Fill line 11 (cursor position) of charac- 
ter pattern with 0. 

(6) EPROM data O5 to O? are not used. 

c. Handling Unused Character Patterns 

(1) EPROM data outside the character 
pattern area 

Ignored by the character generator 
ROM for display operation so it can be 
Oorl. 



(2) EPROM data in CG RAM area 
Ignored by the character generator 
ROM for display operation so it can be 
or 1. 

(3) EPROM data used when the user 
does not use any LCD-II character 
pattern 

Handled in one of the two ways ex- 
plained below. Select one of the two 
ways according to the user applica- 
tion. 

(a) When unused character patterns 
are not programed 

If an unused character code is 
written in the LCD-II DD RAM, all 
dots are lit. No programming for a 
character pattern is equivalent to 
all bits lit. (This is because EPROM 
is filled with 1 when the EPROM is 
erased.) 

(b) Program for unused character 
patterns 

Nothing is displayed even if un- 
used character codes are written 
in LCD-II DD RAM. (This is equiv- 
alent to space). 



Table 14 Example of Correspondence between EPROM Address Data and Character 
Pattern (5 X 10 dots) 



EPROM address 



A10 A9 As A7 A6 A5 A4 A3 A2 A1 Ao 



1 1 1 1 1 



1 1 1 
1 1 1 
1 10 1 


















1 





1 








1 


1 


1 








1 





1 


1 


1 





1 


1 


1 

















1 





1 







Character code 



Fill line 1 1 (cursor position) 
with 0. 



Line position 
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HD66780 (LCD- II A) 

(Dot Matrix Liquid Crystal Display 
Controller and Driver) 



Description 

The LCD-IIA (HD66780) a dot matrix liquid 
crystal display controller and driver LSI dis- 
plays alphanumerics, kana characters, and 
symbols. It drives a dot matrix liquid crystal 
display under 4-bit or 8-bit microcontroller or 
microprocessor control. All the functions 
required for driving a dot matrix liquid crystal 
display are internally provided on one chip. 

Designers can complete dot matrix liquid 
crystal display systems with low chipcount 
by using the LCD-IIA (HD66780). If a driver 
LSI (HD44100H or HD66100F) is connected to 
the HD66780, up to 80 characters can be 
displayed. 

The LCD-IIA is produced by the CMOS proc- 
ess. Therefore, the combination of the LCD- 
IIA with a CMOS microcontroller or micro- 
processor can complete a portable battery- 
driven device with low power dissipation. 



Features 

5x7 and 5 x 10 dot matrix liquid crystal 
display controller driver 

• Can interface to 4-bit or 8 -bit MPU 

• Display data RAM: 80 x 8 bits (80 char- 
acters, max) 

• Character generator ROM: 12000 bits; 
Character font 5x10 dots: 240 characters 

• Character generator RAM: 64 x 8 bits; 
Character font 5x8 dots: 8 characters or 
character font 5 x 11 dots: 4 characters 

• Both display data and character genera- 
tor RAMs can be read from the MPU 

• Internal liquid crystal display driver 
-16 common signal drivers 

—40 segment signal drivers (Can be 
externally extended to 360 segments by 
liquid crystal display driver HD44100H or 
HD66100F) 

• Duty factor selection (selectable by pro- 
gram) 

-1/8 duty: 1 line of 5 x 7 dots + cursor 
-1/11 duty: 1 line of 5 x 10 dots + cursor 
-1/16 duty: 2 lines of 5 x 7 dots + cursor 

• Maximum number of display characters 
as shown in table 1 

• Wide range of instruction functions: Dis- 
play clear, cursor home, display on/off, 
cursor on/off, display character blink, 
cursor shift, display shift 

• Internal automatic reset circuit at power 
on (internal reset circuit) 

• Internal oscillation circuit 
—External resistor or ceramic filter 
—External clock operation possible 

• CMOS process 

• Single +5 V logic power supply (exclud- 
ing power for liquid crystal display drive) 

• Operation temperature range: -20°C to 
+75°C (-40°C to +85°C device available 
upon request) 

• 80-pin plastic flat package (FP-80B, FP- 
80A) 

• Low power consumption 



Ordering Information 

Type No. Package 

HD66780FS 80-pin plastic QFP (FP-80B) 
HP66780FH 80-pin plastic QFP (FP-80A) 
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Pin Arrangement 
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Pin Description 

No. of 



Signal 


Linos 


I/O 


Connected to 


Function 


RS 




Input 


MPU 


Selects register 


R/W 




Input 


MPU 


Selects read or write 


E 




Input 


MPU 


Starts data read or write 


DB7-DB0 




I/O 


MPU 


Bidirectional data bus 


CL1 




Output 


Driver LSI 


Serial data latch clock 


CL 2 




Output 


Driver LSI 


Serial data shift clock 


M 




Output 


Driver LSI 


LCD waveform AC switch signal 


D 




Output 


Driver LSI 


Character pattern data 


COM 1 -COM is 


16 


Output 


LCD 


Common signals 


SEG1-SEG40 


40 


Output 


LCD 


Segment signals 


V1-V5 


5 




Power supply 


LCD drive voltages 


VccGND 


2 




Power supply 


+ 5 V and ground 


OSC1-OSC2 


2 






System clock 
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Pin Function 

RS (Register Select) 

RS selects the register that the MPU is acces- 
sing. RS = selects the instruction register 
for MPU writes, and the busy flag and address 
counter for reads. RS = 1 selects the data 
register for MPU reads and writes. 

R/W (Read/Write) 

R/W selects whether the MPU will read from 
(R/W = 1) or write to (R/W = 0) the LCD-IIA. 

E (Enable) 

The MPU sets the E input high to signal the 
start of the read/write operation. 

DB7-DB0 (Data Bus) 

The bidirectional, three-state data bus, DBo- 
DB7, transfers data between the MPU and the 
LCD-IIA. DB7 can be used as the busy flag. 
The lower-order four lines, DB0-DB4, are not 
used in four-bit interface operation. 

CLi, CL 2 (Clock 1, Clock 2) 

The CLi output signals the HD44100H or 
HD66100F driver LSI to latch the serial data 
sent on line D. The CL 2 output signals it to 
shift the data. 

M (Master AC Signal) 

The HD44100H or HD66100F driver LSIs use 
the M output to convert the LCD drive 
waveform to AC. 



D (Serial Data) 

The LCD-IIA outputs serial character pattern 
data corresponding to the common signals to 
the HD44100H or HD66100F driver LSIs on D. 

COMi-COMie (Common) 

COM1-COM16 are the LCD common lines. 
Common signals that are not used are de- 
selected. At 1/8 duty factor COM9-COM16 are 
not used, so they output non-selected 
waveforms. At 1/11 duty factor COM12-COM16 
are not used, so they output non-selected 
waveforms. 

SEG1-SEG40 (Segment) 

SEG1-SEG40 are the LCD segment lines. 
V1-V5 (LCD Voltages) 

The LCD-IIA requires the V1-V5 voltages to 
output LCD-driving waveforms. 

Vcc, GND (Power Supply, Ground) 

Vcc is the LCD-IIA's logic power supply. GND 
is the power supply ground. 

OSCi, OSC2 (Oscillator 1, Oscillator 2) 

OSCi and OSC2 are the connections for the 
LCD-IIA system clock. The LCD-IIA can use 
its internal oscillator if OSCi and OSC2 are 
connected to a resistor or ceramic filter. An 
external clock can be input to OSCi. 



Table 1 Number of Display Characters 
No. of 



Display 
Lines 


Duty 
factor 


Extension 


HD44100K 


HD66100F 


No. of Display 
Characters 


1 -line 
display 


1/8, 
duty 


Not 

provided 






8 characters x 1 line 




Provided 


9 pes. 

(8 characters/pc.) 


5 pes. 

(16 characters/pc.) 


80 characters x 1 line 


2-line 
display 


1/16 
duty 


Not 

provided 






8 characters x 2 lines 






Provided 


4 pes. (8 characters 
x 2 lines/pc.) 


2 pes. (16 charac- 
ters x 2 lines/pc.) . 


40 characters x 2 lines 
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HD66780 Block Diagram 
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Block Function 
Registers 

The HD66780 has two 8-bit registers, an 
instruction register (IR) and a data register 
(DR). 

The IR stores instruction codes such as dis- 
play clear and cursor shift, and address 
information for display data RAM (DD RAM) 
and character generator RAM (CG RAM). The 
IR can be written from the MPU but not read 
by the MPU. 

The DR temporarily stores data to be written 
into the DD RAM or the CG RAM and data to 
be read out from DD RAM or CG RAM. Data 
written into the DR from the MPU is auto- 
matically written into the DD RAM or the CG 
RAM internally. The MPU also uses the DR for 
data storage when reading data from the DD 
RAM or the CG RAM. When the MPU writes 
address information into the IR, the LCD-IIA 
sends data to the DR from the DD RAM or the 
CG RAM by internal operation. Data transfer 
to the MPU is then completed by the MPU 
reading DR. After the MPU reads the DR, the 
LCD-IIA sends data in the DD RAM or CG 
RAM at the next address to the DR for the 
next read from the MPU. Register selector 
(RS) signals select these two registers (table 
2). 

Busy Flag (BF) 

When the busy flag is 1, the HD66780 is in the 
internal operation mode, and instructions will 
not be accepted. As table 2 shows, the busy 
flag is output to DB 7 when RS = and R/W 
= 1. The next instruction must be written 
after confirming that the busy flag is 0. 

Address Counter (AC) 

The address counter (AC) assigns addresses 



to DD and CG RAM. When an instruction for 
address is written in IR, the address informa- 
tion is sent from IR to AC. Selection of either 
DD or CG RAM is also determined concur- 
rently by the instruction. 

After writing into (or reading from) DD or CG 
RAM display data, AC is automatically in- 
cremented by 1 (or decremented by 1). AC 
contents are output to DB0-DB6 when RS = 
and R/W = 1, as shown in table 2. 

Display Data RAM (DD RAM) 

The display data RAM (DD RAM) stores dis- 
play data represented in 8-bit character 
codes. Its capacity is 80 x 8 bits, or 80 char- 
acters. The display data RAM (DD RAM) that 
is not used for display can be used as general 
data RAM. Relations between DD RAM ad- 
dresses and positions on the liquid crystal 
display are shown in figure 1. 

The DD RAM adress (Add) is set in the address 
counter (AC) and is represented in hex- 
adecimal. 

When there are fewer then 80 display char- 
acters, the display begins at the head positon. 
For example, 8 characters using an HD66780 
are displayed as shown in figure 2. 

When the display shift operation is perfor- 
med, the DD RAM address moves as shown in 
figure 3. 

A 16 -character display using an HD66780 and 
an HD44100H is shown in figure 4. 

The relation between display position and DD 
RAM address when the number of display 
digits is increased through the use of one 
HD66780 and two or more HD44100Hs can be 
considered an extension of figure 4. 

Since the increase can be 8 digits for each 



Table 2 
RS 


Register Selection 

R/W 


Operation 








IR write as internal operation (Display clear, etc) 





1 


Read busy flag (DB7) and address counter (DBo-DBe) 


1 





DR write as internal operation (DR to DD or CG RAM) 


1 


1 


DR read as internal operation (DD or CG RAM to DR) 
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Higher Order 
Bits 



Lower Order_ 
Bits 



AC 
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AC 3 


AC2 


AC1 


ACO 
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4F 



Position 
^-DD RAM 
Address 
(Hexadecimal) 



Figure 1 DD RAM Address 
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Figure 2 


Eight-Character Display Example 
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Figure 3 Display shift 
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Figure 4 Sixteen-Character Display Example 
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additional HD44100H, up to 80 digits can be 
displayed by externally connecting 9 
HD44100HS. 

The same holds when HD66100Fs are used as 
display drivers. Consisting of 80 outputs, one 
HD66100F can display 16 digits (figure 5). 

When the number of display characters is 



fewer than 40x2 lines, the 2 lines from the 
head are displayed. Note that the first line 
end address and the second line start address 
are not consecutive. For example, when an 
HD66780 is used, 8 characters x 2 lines are 
displayed as shown in figure 6. 

When display shift is performed, the DD RAM 
address moves as shown in figure 7. 



(Digit) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 



1-line 00 01 02 03 04 OS 06 07 08 09 OA OB 0C 0D 0E OF 10 1 1 12 13 14 15 16 17 



73 74 75 76 77 78 79 80 Display 
Position 

48 49 4A 4B 4C 4D 4E 4F 4- DD RAM 
Address 



-HD66780- 

T 

Display 
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T 
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- HD44100H(2) - 

t 

Display 



HD66100F0) 
Display 



-> v~ HD44100HI3M8) — ' N HD441 OOHO) - 

T t 

Display Display 

_A A 

HD66100F(2)-(4) HD66100R5) 
Display Display 
The last 40 outputs of the HD66100R5) 
are not used. 



(Hexadecimal) 



Figure 5 Extended Display 
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Figure 6 Two-Line by Eight-Character Display Example 
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Figure 7 Two-Line Display Shift 
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16 characters x 2 lines are displayed as in 
figure 8 when an HD66780 and an HD44100H 
are used. 

The relation between display position and DD 
RAM address when the number of display 
digits is increased by using one HD66780 and 
two or more HD44100Hs, can be considered 
an extension of figure 9. 

Since the increase can be 8 digits X 2 lines for 
each additional HD44100H, up to 40 digits X 
2 lines can be displayed by connecting 4 
HD66780s (or 2 HD66100Fs) externally. 

Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 
7 dot or 5 x 10 dot character patterns from 8- 
bit character codes. A CG ROM has 240 types 
of 5 x 10 dot character patterns built-in. 



(Note: In a 5x7 dot + cursor display, only 
the upper part, that is, 5x7 dots of 5 X 10 
dots, is displayed.) 

Table 3 shows the relation between charac- 
ter codes and character patterns in the Hita- 
chi standard HD66780A00. User-defined 
character patterns are also available by 
mask-programmed ROM. 

Character Generator RAM (CG RAM) 

With the character generator RAM, the user 
can rewrite character patterns by program. 
With 5x7 dots, 8 character patterns can be 
written and with 5 x 10 dots 4 patterns can 
be written. 

Write the character codes in the left columns 
of table 3 to display character patterns stored 
in CG RAM. 
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Figure 8 Two-Line by Sixteen-Character Display Example 
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Figure 9 Two-Line Extended Display Example 
HITACHI 

174 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66780 (LCD -II A) 



Table 3 Correspondence between Character Codes and Character Pattern 
(Hitachi Standard HD66780A00) 
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Note: * The user can specify any pattern for character-generator ROM. 
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Table 4 shows the relation between CG RAM As table 4 shows, an area that is not used for 
addresses and data and display patterns. display can be used as general data RAM. 



Table 4 Relation between CG RAM Address and Character Codes (DD RAM) and 
Character Patterns (CG RAM Data) 



For 5 x 7 -dot character patterns 
Character Codes 
(DD RAM Data) 



7 6 5 4 3 2 1 

Higher Lower 

♦-Order Order -+ 

Bits Bits 



0000*000 



* 1 



* 1 1 1 



CG RAM 
Address 

5 4 3 2 1 
Higher Lower 

-Order Order - 
Bits Bits 



Character Patterns 
(CG RAM Data) 








1 
1 



1 1 
1 1 



1 1 


1 


1 



1 



1 1 1 




1 



1 

1 1 

1 1 

1 1 1 



7 6 5 4 3 2 1 
Higher Lower 

-Order Order 
Bits Bits 



* * * 



1 1 1 












1 











1 



* * * 



1 1 

1 foil 

_ 












Character 
Pattern 
Example ( I ) 

Cursor 
♦-Position 



* * * Pm t 



* * 





iloh 








1 


1 


m> 




Character 





o 


1 


o 





Pattern 


h 




1 


P 


m 


Example (2) 




















































* No effect 
(Don't care) 



Notes: 1 . Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 characters). 

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the 
cursor position and display is performed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the state for 
cursor display. When the 8th line data is 1 , bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the 
figure (bit 4 being at the left end) . 

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data 
RAM. 

4. As shown in table 3 and 4, CG RAM character patterns are selected when character code 
bits 4-7 are all 0. However, since character code bit 3 is ineffective, the R display in the 
character pattern example, is selected by character code 00 (hexadecimal) or 08 (hex- 
adecimal). 

5. 1 for CG RAM data corresponds to selection for display and for non-selection. 
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Table 4 Relation between CG RAM Address and Character Codes (DD RAM) and 
Character Patterns (CG RAM Data) (Cont) 



For 5 x 1 -dot character 
Character Codes 
(DD RAM Data) 



7 6 5 4 3 2 1 

Higher Lower 

♦-Order Order -* 

Bits Bits 



patterns 

CG RAM 
Address 

5 4 3 2 1 
Higher Lower 
•-Order Order -* 
Bits Bits 



* 
























1 








1 











1 


1 





1 











1 





1 





1 


1 








1 


1 


1 


1 











1 








1 


1 





1 






10 11 
110 
110 1 
1110 

1111 




1 




Character Patterns 
(CG RAM Data) 

7 6 5 4 3 2 1 
Higher Lower 

-Order Order -»> 

Bits Bits 



* * 



♦ 


TTo 



1 T 

1 
1 
1 
1 
1 



1 f 









1 1 1 







■ . ^| rr , .. f ^ ^ ^ ^ 

* 



Character 

Pattern 

Example 



Cursor 
-Position 



* No effect 
******** (Don't care) 



Notes: 1 . Character code bits 1 , 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 characters). 

2. CG RAM address bits 0-3 designate character pattern line position/The 1 1th line is the 
cursor position and display is performed by logical OR with cursor. 

Maintain the 1 1th line data corresponding to the cursor display position in the state for 
cursor display. When the 1 1th line data is 1 , bit 1 lights up regardless of cursor presence. 
Since the 1 2nd-1 6th lines are not used for display, they can be used for the general data 
RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4-7 are all 0. However, 
since character code bit and 3 are ineffective, P display in the character pattern example 
is selected by character code 00, 01 , 08 and 09 (hexadecimal). 

5. 1 for CG RAM data corresponds to selection for display and for non-selection. 
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Timing generation Circuit 

The timing generation circuit generates tim- 
ing signals to operate internal circuits such as 
DD RAM, CG ROM, and CG RAM. RAM read 
timing needed for display and internal oper- 
ation timing by MPU access are separately 
generated so that they may not interfere 
with each other. Therefore, when writing 
data to the DD RAM for example, there will 
be no undesirable influence, such as flicker- 
ing, in areas other than the display area. This 
circuit also generates timing signals to oper- 
ate the externally connected drivers 
(HD44100H or HD66100F). 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit con- 
sists of 16 common signal drivers and 40 
segment signal drivers. When the character 
font and number of lines are selected by a 
program, the required common signal drivers 
automatically output drive waveforms. The 
other common signal drivers continue to 
output non-selection waveforms. 

The segment signal driver has essentially the 
same configuration as the driver LSI 
HD44100H. Character pattern data is sent 
serially through a 40-bit shift register and 



latched when all needed data has arrived. 
The latched data controls the driver for 
generating drive waveform outputs. 

The serial data can be sent to HD44100H or 
HD66100Fs, externally connected in cascade, 
to display an extended number of characters. 

The LCD-IIA always starts sending serial 
data at the display data character pattern 
corresponding to the last address of the dis- 
play data RAM (DD RAM). 

Since serial data is latched when the display 
data character pattern, corresponding to the 
starting address, enters the internal shift 
register, the HD66780 drives the head of the 
display. The rest of the display, corresponding 
to later addresses, are added with each addi- 
tional HD44100H or HD66100F. 

Cursor/Blink Control Circuit 

The cursor /blink control circuit generates the 
cursor or blinking. The cursor or blinking 
appear in the digit residing at the display 
data RAM (DD RAM) address set in the 
address counter (AC). 

When the address counter is (Q8)i6, the cursor 
position is as shown in figure 10. 
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AC 



AC 6 


AC 5 


AC4 


AC 3 


AC 2 


AC1 


ACO 





o 





1 












In a 1 -line display 

(Digit) 12 3 4 



10 11 



00 



01 



02 



03 



04 



05 



06 



07 



08 



09 



OA 



Cursor Position 



In a 2-line display 



(Digit) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


1 st line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 




2nd line 


40 


41 


42 


43 


44 


45 


46 


47 

/ 


'48 


49 


4A 





Display 
Position 
DD RAM 
Address 
(Hexadecimal) 



Display 
Position 
DD RAM 
Address 
(Hexadecimal) 



Cursor Position 

Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 

The cursor or blink is displayed in the meaningless position when AC is the CG RAM address 



Figure 10 Cursor or Blink 
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MPU Interface 

The HD66780 can send data in either two 4- 
bit operations or one 8-bit operation so it can 
interface to both 4 -and 8-bit MPU's. 

V\ftien interface data is 4 bits long, data is 
transferred using only 4 bus lines: DB4— DB7. 
DBo— DB3 are riot used. Data transfer between 
the HD66780 and the MPU completes when 
4-bit data is transferred twice. 

Data of the higher order 4 bits (contents of 
DB4— DB7 when interface data is 8 bits long) is 



transferred first, then the lower order 4 bits 
(contents of DBo— DB3 when interface data is 
8 bits long) is transferred. 

Check the busy flag after 4-bit data has been 
transferred twice (one instruction). Two 4-bit 
operations will then transfer the busy flag 
and address counter data (figure 11). 

When the interface is 8 bits long, data , is 
transferred using the 8 data bus lines DBo— 
DB 7 . 



Reset Function 

Initializing by Internal Reset Circuit 

The HD66780 automatically initializes (re- 
sets) when power is turned on using the 
internal reset circuit. The following instruc- 
tions are executed at initialization. The busy 
flag (BF) is kept in busy state until initializa- 
tion ends (BF = 1). The busy state lasts 10 ms 
after Vcc rises to 4.5 V. 

1. Display clear 

2. Function set 

a. DL = V. 8-bit long interface data 

b. N =0: 1-line display 

c. F = 0: 5 x 7-dot character font 



3. Display on/off control 

a. D = 0: Display off 

b. C =0: Cursor off 

c. B =0: Blink off 

4. Entry mode set 

a. I/D = 1: + l(increment) 

b. S = 0: No shift 

Note: When power supply conditions in the 
electrical characteristics are not met using 
internal reset circuit, the internal reset circuit 
will not operate normally and initialization 
will not be performed. In this case initialize 
by MPU according to initializing by instruc- 
tion. 



RS 
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R/W 






/ 
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r\ 


/ \ 




DB 7 | 














DB 6 | 






IR2 )4I 








DB 5 | 






IR1 )^| 


BK AC5 )d 






DB 4 | 




X 


IR0 )4| 


^( AC4 )d 








Instruction (IR) 




Busy Flag (BF) and 


Data Register (DR) 




Write 






Address Counter (AC) 


Read 










Read 







Figure 11 4-Bits Data Transfer Example 
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Instructions 

Only two HD66780 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to 
internal operation start, control information is 
temporarily stored in these registers, to allow 
interface from HD66780 internal operation to 
various types of MPU's which operate at 
different speeds or to allow interface to 
peripheral control IC's. HD66780 internal 
operation is determined by signals sent from 
the MPU. These signals include register 
selection signals (RS), read/write signals 
(R/W), and data bus signals (DB -DB 7 ), and 
are here called instructions. Table 5 shows 
the instructions and their execution time. 
Details are explained in subsequent sections. 

Instructions are of 4 types, those that: 

1. Designate HD66780 functions such as 
display format, data length, etc 

2. Give internal RAM addresses 

3. Perform data transfer with internal RAM 

4. Others 

In normal use. category 3 instructions are 



used most frequently. However, automatic 
incrementing by 1 (or decrementing by 1) of 
HD66780 internal RAM addresses after each 
data write lessens the MPU program load. 
The display shift especially can be performed 
concurrently with display data write, en- 
abling the designer to develop systems in 
minimum time with maximum programing 
efficiency. For an explanation of the shift 
function in its relation to display, see table 7. 

During internal operation, no instruction 
other than the busy flag/address read 
instruction will be executed. Because the 
busy flag is set to 1 while an instruction is 
being executed, check to make sure it is on 
before sending an instruction from the MPU. 

Note: Make sure the HD66780 is not in the 
busy state (BF = 0) before sending the 
instruction from the MPU to the HD66780. If 
the instruction is sent without checking the 
busy flag, the time between first and next 
instructions is much longer than the instruc- 
tion execution time. See table 5 for a list of 
each instruction's execution time. 
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Table 5 Instructions 



Code 



Instruction rs R/WDB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DBi DB Description 



Execution Time 

(fcp A 2S0 
kHz) 



Clear 


u 


u u 


u u 


n a n n 
u u u u 


1 
i 


Clears entire display and sets DD 


1 .64 ms 


L/ispiay 












RAM address in address 
















r»/~H mtpr 
wvlul IICI 




Return 


u 


u u 


u u 


n n n 1 
u U U I 


♦ 


oets uu nAivi aoaress u in 


1 .64 ms 


Horn© 












arlHroco ^ai intar A left rati irne 
















Hicnlav hpinn QhiftpH tn nrininal 
















position. DD RAM contents 
















remain unchanged 




Entry 


o 








1 l/D 


S 


Spt*» cursor mnvp riirpctirtn anri 


40 fits 


Mode Set 












specifies shift of display. 
















These operations are performed 
















during data write and read 




Display 











1 D C 


B 


Sets entire display on/off (D), 


40 fitS 


On/Off 












cursor on/off (C), and blink of 




Control 












cursor position character (B) 




Cursor or 











1 S/C R/L * 


* 


Moves cursor and shifts display 


40 /*s 


Display 












without changing DD RAM 




Shift 












contents 




Function 

1 VII Iwllvl 1 


o 





1 


DL N F * 


* 


Spt«i intprfarp Hata Ipnnth /DL ) 

Wvlw III Iwl 1 Uvw \-l U LQ 1 w 1 1 y III 


40 pis 


Set 












number of display lines (N) and 
















character font (F) 




Set CG RAM 


o 





1 


ACG 




Spts CG RAM aHHrp<;<? CG RAM 


40 fits 


Address 












data is sent and received after 
















this setting. 




Set DD RAM 


o 


1 




ADD 




Spt DD RAM aHrirp^s DD RAM 


40 fits 


Address 












data is sent and received after 
















this setting. 




—~? 

Read 




1 BF 


AC 




neaas ousy nay lor/ inuicaiing 


fits 


ouoy riay 












internal operation is being per- 




Ri AriHrpec 












formed and reads address 
















counter contents 




WritP Data 
vv lilts L/ald 


1 





Write Data 




Writes data into DD RAM or CG 


46 fits 


tr» Pfi or 












RAM 




nn ram 
















Read Data 


1 


1 




Read Data 




Reads data from DD RAM or CG 


46 jks 


from CG or 












RAM 




DD RAM 
















Notes: 1. 


l/D 


- 1: 


Increment 






BF = 1 : Internally operating 






l/D 


= 0: 


Decrement 




BF =0: Can accept instruction 






S 


= 1: 


Accompanies display shift 




DD RAM: Display data RAM 






S/C 


= 1: 


Display shift 




CG RAM: Character generator RAM 




s/c 


= 0: 


Cursor move 




Acq: CG RAM address 






R/L 


= 1: 


Shift to the right 




Ado :DD RAM address 






R/L 


« 0: 


Shift to the left 




Corresponds to cursor 






DL 


- 1: 


8 bits, DL 


= 0: 4 bits 




address 






N 


* 1: 


2 lines, N 


= 0: 1 line 




AC : Address counter used 






F 


= 1: 


5x10 dots, F = 0: 5x7 dots 


for both DD and CG RAM 





2. * No effect (Don't care) 

3. Execution time changes when freguency changes. 
Example: When fcp or fosc is 270 kHz: 

40 jksx -11^ = 37^ 



182 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza •2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 



HD66780 (LCD -II A) 



Clear Display 

Clear display (figure 12) writes space code 20 
(hexadecimal)(character pattern for charac- 
ter code 20 must be blank pattern) into all DD 
RAM addresses. Sets DD RAM address in 
address counter. Returns display to its origi- 
nal status if it is shifted. In other words, the 
display disappears and the cursor or blink 
goes to the left edge of the display (the first 
line if 2 lines are displayed). Sets I/D = 1 
(increment mode) of entry mode. S of entry 
mode does not change. 

Return Home 

Return home (figure 13) sets the DD RAM 
address in address counter. Returns display 
to its original status if it was shifted. DD RAM 
contents do not change. The cursor or blink 
go to the left of the display (the first line if 2 
lines are displayed). 

Entry Mode Set 

I/D: I/D (figure 14) increments (I/D = 1) or 
decrements (I/D = 0) the DD RAM address by 



1 when a character code is written into or 
read from the DD RAM. The cursor or blink 
moves to the right when incremented by 1 
and to the left when decremented by 1. The 
same applies to writing and reading of CG 
RAM. 

S : Shifts the entire display either to the right 
or to the left when S is 1; to the left when I/D 
= 1 and to the right when I/D = 0. Thus it 
looks as if the cursor stands still and the 
display moves. The display does not shift 
when reading from the DD RAM. Writing into 
or reading out of the CG RAM does not shift 
the display. When S = 0, the display does not 
shift. 

Display On/Off Control 

D: The display is on when D = 1 and off when 
D = (figure 15). When off due to D = 0, 
display data remains in the DD RAM. It can be 
displayed immediately by setting D = 1. 

C: The cursor is displayed when C = 1 and is 
not displayed when C = 0. Even if the cursor 
disappears, the function of I/D, etc does not 



RS 


R/W 


DB 7 














DB 





























1 



Figure 12 Clear Display Instruction 
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R/W 


DB 7 














DB 




Code 


























1 


* 


* Don t care 
























Figure 13 Return Home Instruction 
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R/W 


DB 7 














DB 




Code 























1 


I/D 


S 




























Figure 14 Entry Mode Set Instruction 
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Code 




















1 
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Figure 15 Display On/Off Control Instruction 
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change during display data write. The cursor 
is displayed using 5 dots in the 8th line when 
the 5 x 7-dot is selected and 5 dots in the 
11th line when the 5 x 10-dot character font is 
selected (figure 16). 

B: The character indicated by the cursor 
blinks when B = 1. The blink is displayed by 
switching between all blank dots and display 
characters at 409.6 ms intervals when fcp or 
fosc = 250 kHz (figure 15). The cursor and the 
blink can be set to display simultaneously. 
(The blink time changes according to the 
reciprocal of fcp or fosc. For example, 409.6 x 
250 

= 379.2 ms when fcp = 270 kHz.) 

Cursor or Display Shift 

Cursor or display shift (figure 17) shifts cursor 
position or display to the right or left without 



writing or reading display data. This function 
is used to correct or search the display. In a 2- 
line display, the cursor moves to the 2nd line 
when it passes the 40th digit of the 1st line. 
Notice that the 1st and 2nd line displays will 
shift at the same time. When the displayed 
data is shifted repeatedly each line only 
moves horizontally. The 2nd line display does 
not shift into the 1st line postion. 

Table 6 shows how S/C and R/L control 
shifting. 

Address counter (AC) contents do not change 
if the only action performed is shift display. 

Function Set 

DL: DL (figure 18) sets interface data length. 
Data is sent or received in 8-bit length (DB7- 
DBo) when DL = 1 and in 4-bit lengths (DB7- 



Table 6 Cursor or Display Shift Control 



S/C 


R/L 


Function 








Shifts the cursor position to the left 
(AC is decremented by one) 





1 


Shifts the cursor position to the right 
(AC is incremented by one) 


1 





Shifts the entire display to the left. The cursor follows the display shift 



1 1 Shifts the entire display to the right. The cursor follows the display shift 




I 




"Cursor 



5 x 7-dot character 5 x 1 0-dot character 
font font 



Cursor Display Example 



1 1 1 1 1 1 mm 

Alternating display 
Blink Display Example 



Figure 16 Cursor and Blink Display 
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Figure 17 Corsor or Display Shift Instruction 
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DB4) when DL = 0. 

When the 4-bit length is selected, data must 
be sent or received twice. 

N: N sets number of display lines. 

F: F sets character font. See table 7. 

Note: Perform the function set at the head of 
the program before executing any instruc- 
tions (except "Busy flag/address read"). From 
this point, the function set instruction cannot 
be executed unless the interface data length 
is changed. 

Set CG RAM Address 

Set CG RAM address (figure 19) sets the CG 
RAM address binary AAAAAA into the 
address counter. Data is then written or read 



from the MPU for the CG RAM. 

Set DD RAM Address 

Set DD RAM address (figure 20) sets the DD 
RAM address binary AAAAAAA into the 
address counter. Data is then written or read 
from the MPU for the DD RAM. 

However, when N = (1-line display), 
AAAAAAA is 00-4F (hexadecimal), when N 
= 1 (2-line display), AAAAAAA is 00-27 
(hexadecimal) for the first line, and 40-67 
(hexadecimal) for the second line. 

Read Busy Flag and Address 

Read busy flag and address (figure 21) reads 
the busy flag (BF) that indicates the system is 
now internally operating on a previously 



Table 7 Function Set N and F 

No. of Duty 
N F Display Lines Character Font Factor Remarks 



00 1 




5x7 dots 






1/8 












1 1 




5x10 dots 




1/11 












1 * 2 




5x7 dots 






1/16 


Cannot display 2 lines with 5 x 1 0-dot charac- 
ter font 


Note: * Don't care 
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F 


* 


* 


* (Don't care) 


























Figure 18 Function Set Instruction 
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Figure 19 Set CG RAM Address Instruction 
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Figure 20 Set DD RAM Address Instruction 
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received instruction. BF = 1 indicates that 
internal operation is in progress. The next 
instruction will not be accepted until BF is set 
to 0. Check the BF status before the next 
write operation (figure 22). 

At the same time, the value of the address 
counter expressed in binary (AAAAAAA) is 
read out. The address counter is used by both 
CG end DD RAM addresses, and its value is 
determined by the previous instruction. 
Address contents are the same as in set CG 
RAM address and set DD RAM address. 

Write Data to CG or DD RAM 

Write data to CG or DD RAM (figure 23) 
writes binary 8-bit data DDDDDDDD to the 
CG or the DD RAM. 

Whether the CG or DD RAM is to be written 
into is determined by the previous specifica- 



tion of CG RAM or DD RAM address setting. 
After writing, the LCD-IIA automatically 
increments or decrements the address by 1, 
according to entry mode. 

Read Data from CG or DD RAM 

Read data from CG or DD RAM (figure 24) 
reads binary 8-bit data DDDDDDDD from the 
CG or DD RAM. 

The previous designation determines 
whether the CG or DD RAM is to be read. 
Before entering the read instruction, you 
must execute either the CG RAM or DD RAM 
address set instruction. If you do not the first 
read data will be invalidated. When serially 
executing read instructions, the next address 
data is normally read from the second read. 
The address set instruction need not be 
executed just before the read instruction 
when shifting the cursor by cursor shift 
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Figure 21 Read Busy Flag and Address Instruction 
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Figure 22 Example of Busy Flag Check Timing Sequence 
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Figure 23 Write Data to CG or DD RAM Instruction 
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instruction (when reading out of DD RAM). 
The cursor shift instruction operation is the 
same as that of the DD RAM's address set 
instruction. 

After a read, the entry mode automatically 
increases or decreases the address by 1. 
However, display is not shifted no matter 
what the entry mode is. 



Note: The address counter (AC) is automati- 
cally incremented or decremented by 1 after 
write instructions to either CG RAM or DD 
RAM. RAM data selected by the AC cannot 
then be read out even if read instructions are 
executed. The conditions for correct data 
read out are: execute either the address set 
instruction or cursor shift instruction (only 
with DD RAM), then just before reading out, 
execute the read instruction from the second 
time the read instruction is sent. 



How to Use the HD66780 
Interface to 8-Bit MPU 

When Connecting to 8-Bit MPU Through 

PI A: Figure 25 is an example of using a PI A or 
I/O port (for a microcontroller) as an interface 
device. Input and output of the device is TTL 
compatible. 

In the example, PBo to PB7 are connected to 
the data buses DBo to DB7 and PAo to PA2 are 
connected to E, R/W and RS respectively. 



Pay attention to the timing relation between 
E and other signals when reading or writing 
data and using PIA as an interface. 

Connecting Directly to the 8-Bit MPU Bus: 

Figure 26 shows the LCD-IIA connected 
directly to an HD6800. 

Example of Interfacing to the HD6805: Fig- 
ure 27 shows the LCD-IIA connected directly 
to an HD6805. 
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Figure 24 Read Data from CG or DD RAM Instruction 
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Figure 25 Example of Interface to HD68B00 using PIA (HD68B21) 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 187 



HD66780 (LCD - II A) 



Example of Interfacing to the HD6301: Fig- 
ure 28 shows the LCD-IIA connected directly 
to an HD6301. 

Interface to 4-Bit MPU 

The HD66780 can be connected to a 4-bit 
MPU through the 4-bit MPU I/O port, If the 
I/O port has enough bits, data can be trans- 
ferred in 8-bit length, but if there aren't 
enough bits, the transfer is made in two 



operations of 4 bits each (designating the 
interface data length as 4 bits). In the latter 
case, the timing sequence becomes some- 
what complex, (see figure 29). 

Note that 2 cycles are needed for the busy 
flag check as well as the data transfer. 4-bit 
operation is selected by program. 

Figure 30 shows an example of an interface 
to the 400 series. 
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Figure 26 Direct Connection to HD68B00 
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Figure 27 Direct Connection to HD6805 
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Figure 28 Direct Connection to HD6301 
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Interface to Liquid Crystal Display 

Character Font and Number of Lines: The 

HD66780 can perform 2 types of display, 
using 5x7 dots or 5 x 10 dots for the char- 
acter font, with a cursor on each. 

Up to 2 lines can be displayed with 5x7 dots 
and 1 line with 5 x 10 dots. 



Therefore, three types of common signals are 
available (table 8). 

Number of lines and font types can be 
selected by program (see table 5). 

Connection to HD66780 and Liquid Crystal 
Display: Figure 31 shows connection exam- 
ples. Since 5 SEG signal lines can display one 
digit, one HD66780 can display up to 8 digits 



Table 8 Common Signals 






Number of Lines Character Font 


Number of Common Signals 


Duty Factor 


1 5x7 dots + Cursor 


8 


1/8 


1 5x10 dots + Cursor 


11 


1/11 


2 5x7 dots + Cursor 


16 


1/16 
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Instruction 
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Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 



Figure 29 An Example of 4-Bit Data Transfer Timing Sequence 
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Figure 30 Example of Interface to the 400 Series 
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for a 1-line display and 16 digits for a 2-line 
display. 

In figure 31 examples (a) and (b), there are 
unused common signal terminals, which 
always output non-selection waveforms. 



When the liquid crystal display panel has 
unused extra scanning lines, avoid undesir- 
able influences due to cross-talk in the float- 
ing state by connecting the extra scanning 
lines to these common signal terminals (fig- 
ure 32). 
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COM 8 

HD66780 
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SEG 4 



Liquid Crystal 
Display Panel 
(8 characters 
x 1 line) 



(a) Example of a 5 x 7-dot, 8-character x 1 -line Display 
(1/4 Bias, 1/8 Duty Factor) 
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HD66780 



SEG, 



SEG 4 



Liquid Crystal 
Display Panel 
(8 characters 
xt line) 



(b) Example of a 5 x 1 0-dot, 8-character x 1 -line Display 
(1/4 Bias, 1/11 Duty Factor) 



II 1 1 III 



Liquid Crystal 
Display Panel 
(8 characters 
x2 lines) 



(c) Example of a 5 x 7-dot, 8-character x 2-line Display 
(1/5 Bias, 1/16 Duty Factor) 



Figure 31 Liquid Crystal Display and Connections to HD66780 
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Connection for Changed Matrix Layout: In 

the preceding examples, the number of lines 
was matched to the number of scanning 
lines. The display types in figure 33 are pos- 
sible by changing the matrix layout in the 
liquid crystal display panel. 

In either case, the only change is the layout. 
Display characteristics and the number of 
liquid crystal display characters depend on 
the number of common signals (or duty fac- 
tor). Note that the display data RAM (DD 
RAM) address for 8 characters x 2 lines and 
16 characters x 1 line are the same as shown 
in figure 31. 

Power Supply for Liquid Crystal Display 
Drive 

Various voltage levels must be applied to 
HD66780 terminals Vi to V 5 to obtain liquid 
crystal display drive waveforms. The voltages 
must be changed according to duty factors. 
Table 9 shows the relation. 

Vlcd gives the peak values for liquid crystal 
display drive waveforms. Resistance dividing 
provides each voltage as shown in figure 34. 



Relation between Oscillation Frequency 
and Liquid Crystal Display Frame Fre- 
quency 

Figure 35 shows examples of liquid crystal 
display frame frequency when the oscillation 
frequency is 250 kHz (1 clock = 4 pts). 

Connection with Driver LSI HD44100H or 
HD66100F 

You can increase the number of display 
characters by externally connecting liquid 
crystal display driver LSI's HD44100H or 
HD66100F to the HD66780. 

When connected to the HD66780, the 
HD44100H or HD66100F is used as a segment 
signal driver. The HD44100H and the 
HD66100F can be connected to the HD66780 
directly since they supply CLi, CL2, M, and D 
signals and power for liquid crystal display 
drive. Figures 36 and 37 show connection 
examples. 

Note: Connection of voltage supply terminals 
Vi through V6 for the liquid crystal display 
drive is complicated. 



Table 9 Duty Factor and Power Supply for Liquid Crystal Display Drive 

Power Supply 

Duty 

Factor Bias Vi V2 V 3 V4 Vs 

1/8,1/11 1/4 Vcc-(1/4)Vlcd Vcc - (1/2)Vlcd Vcc - (1/2)V LC d Vcc - (3/4)V LC d Vcc - Vlcd 

1/16 1/5 V CC - ( 1 /5)V LCD Vcc - (2/5)V LC d V CC - (3/5)V LCD V CC - (4/5) V LCD V CC - Vlcd 
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Figure 32 Using COM9 to Avoid Cross-Talk on Unneeded Scanning Line 
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Figure 33 Changed Matrix Layout Displays 
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Figure 34 Drive Voltage Supply Example 
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Up to 9 HD44100Hs can be connected for a 1- 
line display (duty factor 1/8 or 1/11) and up to 
4 for a 2-line display (duty factor 1/16). (For 
the HD66100F, 5 and 2 units respectively.) 
RAM size limits the HD66780 to a maximum 



of 80 character diaplay digits. The connection 
method in figures 36 and 37 remains un- 
changed for both 1-line and 2-line display 
and both 5 x 7-and 5 x 10-dot character 
fonts. 
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Figure 35 Liquid Crystal Display Waveforms (at fosc = 250kHz) 
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Figure 36 Example of Connecting HD44100H to HD66780 
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Figure 37 Example of Connecting HD66100F to HD66780 
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Instruction and Display Correspondence 
8-bit Operation, 8 digit x 1 line Display 
(Using Internal Reset): Table 10 shows an 
example of an 8 -bit x 1-line display in 8 -bit 
operation. The HD66780 functions must be 
set by the function set instruction prior to 
display. Since the display data RAM can store 
data for 80 characters, as explained before, 
the RAM can be used for advertising displays 
when combined with display shift operation. 
Since the display shift operation changes 
display position only and DD RAM contents 
remain unchanged, display data entered first 
can be output when the return home opera- 
tion is performed. 

4-bit Operation, 8 digit x 1 line Display 
(Using Internal Reset): The program must set 
functions prior to 4 -bit operation. Table 11 
shows an example. When power is turned on, 
8-bit operation is automatically selected and 
the LCD-IIA attempts to perform the first 
write as an 8-bit operation. Since nothing is 
connected to DB0-DB3, a rewrite is then 
required. However, since one operation is 
completed in two 4 -bit accesses, a rewrite is 
needed to set the functions (see table 11 step 
3). 

Thus, DB4-DB7 of the function set is written 
twice. 

8-bit Operation, 8 digit x 2 line Display: 

For a 2-line display, the cursor automatically 



moves from the first to the second line after 
the 40th digit of the first line has been writ- 
ten. Thus, if there are only 8 characters in the 
first line, the DD RAM address must be set 
after the eighth character is completed (see 
table 12). Note that the first and second lines 
of the display are shifted. 

In the example, the display is shifted when 
the cursor is on the second line. However, if 
the shift operation is performed when the 
cursor is on the first line, both the first and 
second lines move together. When you repeat 
the shift, the display of the second line will 
not move to the first line, the same display 
will only move within each line many times. 

Note: When using the internal reset, the 
conditions in "Power Supply Condition Using 
Internal Reset Circuit" must be satisfied. If 
not, the HD66780 must be initialized by 
instruction. (See "Initializing by Instruction") 

Initializing by Instruction 

If the power supply conditions for correctly 
operating the internal reset circuit are not 
met, the LCD-IIA must be initialized by 
instruction. 

When interface is 8 bits long, use the initial- 
ization procedure in figure 38. 

When interface is 4 bits long, use the initial- 
ization procedure in figure 39. 
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Table 10 8-Bit Operation, 8-Character X 1-Line Display Example (Using Internal 
Reset) 

Step 



No. 


Instruction 




Display 


Operation 


1 


Power Supply On (HD66780 is 
initialized by the internal reset circuit) 


1 1 


Initialized. No display appears. 


2 


Function Set 






Sets to 8-bit operation and selects 1 - 




RS R/WDB 7 • • • DB 
00001100** 


' ' 


line display and one of the three char- 
acter fonts. (Number of display lines 
and character font cannot be changed 
after this.) 


3 


Display On/Off Control 

1 1 1 





L. 1 


Turns on display and cursor. Entire 
display is on space mode because of 
initialization . 


4 


Entry Mode Set 






Sets mode to increment the address by 




00000001 1 







one and to shift the cursor to the right 
at the time of write to the DD/CG 
RAM. Display is not shifted. 


5 


Write Data to CG RAM/DD RAM 






Writes "H". The DD RAM has already 




1 1 1 





1 H_ | 


been selected by initialization when the 
power is turned on . 
The cursor is incremented by one and 
shifted to the right. 


6 


Write Data to CG RAM/DD RAM 
1 1 1 


1 


1 H, _ 1 


Writes "I". 


7 : ; 


8 


Write Data to CG RAM/DD RAM 
1 1 1 


1 


| H 1 TACH l_ | 


Writes "I". 


9 


Entry Mode Set 

1 1 


1 


| H 1 TACH l_ | 


Sets mode for display shift at the time 
of write. 


10 


Write Data to CG RAM/DD RAM 
1 1 





| 1 TACH 1 _ | 


Writes space. 


11 


Write Data to CG RAM/DD RAM 
1 1 1 1 


1 


| T A C H 1 M_ | 


Writes "M". 


12 : i 


13 


Write Data to CG RAM/DD RAM 
1 1 1 1 1 


1 


| M 1 CROKO_ | 


Writes "0". 


14 


Cursor or Display Shift 

1 * 


* 


| M 1 C R K | 


Shifts only the cursor position to the 
left. 


15 


Cursor or Display Shift 
00000100* 


* 


| M 1 CROKO | 


Shifts only the cursor position to the 
left. 


16 


Write Data to CG RAM/DD RAM 
1 1 1 


1 


| 1 CROCO | 


Writes "C" (correction). 

The display moves to the left. 


17 


Cursor or Display Shift 

1 1 1 * 


* 


| M 1 CROCO | 


Shifts the display and cursor position to 
the right. 


18 


Cursor or Display Shift 

1 1 * 


* 


| M 1 C R C | 


Shifts only the cursor position to the 
right. 


19 


Write Data to CG RAM/DD RAM 
1 1 1 1 


1 


| 1 CROCOM_| 


Writes "M". 


20 


21 


Return Home 

0000000 1 





| H 1 TACH 1 | 


Returns both display and cursor to the 
original position (address 0) . 
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Table 11 4-Bit Operation, 8-Character 
Reset) 

Step 

No. Instruction Display 



X 1-Line Display Example (Using Internal 



Operation 



Power Supply On (HD66780 is 
initialized by the internal reset circuit) 



Initialized. No display appears. 



Function Set 
RS R/W D67 




DB 4 




Sets to 4-bit operation. 
In this case, operation is handled as 8 
bits by initialization, and only this 
instruction completes with one write. 



Function Set 





Sets to 4-bit operation and selects 1 - 
line display and one of the three char- 
acter fonts. 4-bit operation starts from 
this point on and resetting is needed. 
(Number of display lines and character 
font cannot be changed after this.) 



Display On/Off Control 

1110 



Turns on display and cursor. Entire 
display is in space mode because of 
initialization . 



Entry Mode Set 

1 1 



Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM. Display is not shifted. 



Write Data to CG RAM/DD RAM 
10 10 
10 10 



Writes "H". The DD RAM has already 
been selected by initialization when the 
power is turned on. The cursor is in- 
cremented by one and shifted to the 
right. 



After this, control is the same as 8-bit operation. 
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Table 12 8-Bit Operation, 8-Character X 2-Line Display Example (Using Interned 
Reset) 

Step 



No. Instruction Display Operation 


1 Power Supply On (HD66780 is 
intialized by the internal reset circuit) 




Initialized. No display appears. 


2 Function Set 

RS RWDB 7 • • • DB 
1 1 1 * * 




Sets to 8-bit operation and selects 2- 
line display and one of the three char- 
acter fonts. 


3 Display On/Off Control 

1 1 1 




Turns on display and cursor. All display 
is in space mode because of initializa- 
tion. 


4 Entry Mode Set 

00000001 1 




Sets mode to increment the address by 
one and to shift the cursor to the right, 
at the time of write, to the DD/CG 
RAM . Display is not shifted . 


5 Write Data to CG RAM/DD RAM 

1 1 1 


H_ 


Writes "H". The DD RAM has already 
been selected by initialization when the 
power is turned on . 
The cursor is incremented by one and 
shifted to the right. 


6 i i 


7 Write Data to CG RAM/DD RAM 

1 1 1 1 


HITACHI 


Writes "I". 


8 Set DD RAM Address 

001 1 000000 


HITACHI 


Sets RAM address so that the cursor 
may be positioned at the head of the 
2nd line. 


9 Write Data to CG RAM/DD RAM 

1 1 1 1 1 


HITACHI 
M 


Writes "M". 


10 i i 


1 1 Write Data to CG RAM/DD RAM 

1 1 1 1 1 1 


HITACHI 
MICROCO 


Writes "0". 


1 2 Entry Mode Set 

1 1 1 


HITACHI 
MICROCO 


Sets mode for display shift at the time 
of write. 


1 3 Write Data to CG RAM/DD RAM 

1 1 1 1 1 


ITAC H I 
ICROCOM 


Writes "M". Display is shifted to the 
left. 

The first and second lines' shift is 
operated at the same time. 


14 i 


15 Return Home 

000000001 


HITACHI 
MICROCOM 


Returns both display and cursor to the 
original position (address 0) . 
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c 



Power on 



Wait more than 1 5 ms 
after V cc rises to 4.5 V 



RSR/WDB 7 DB 6 DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 


1 


1 


* 


* 


* 


* 






Wait more than 4. 1 


ms 














RSR/WDB 7 DB 6 DB 5 


DB 4 


DB 3 


DB 2 


DB, 


DB 


1 


1 


* 


* 


* 


* 






Wait more than 1 00 //s 






RSR/WDB 7 DB 6 DB 5 


DB 4 


DB 3 


DB 2 


DB 1 


DB 


1 


1 


* 


* 


* 


* 






RS R/WDB 7 DB 6 DB E 


,DB 4 


DB 3 


DB 2 


DB, 


DB 


1 


1 


N 


F 


* 










1 


























1 











1 


l/D 


s 



Initialization ends 



BF cannot be checked before this instruction 



Function set (Interface is 8 bits long) 



BF cannot be checked before this instruction 



Function set (Interface is 8 bits long) 



BF cannot be checked before this instruction 



Function set (Interface is 8 bits long) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between 
instructions is longer than the execution instruction 
time (see table 5) . 



Function set (Interface is 8 bits long. 
Specif iy the number of display lines and character font.) 
The number of display lines and character font cannot 
be changed afterwards. 

Display off 

Display Clear 

Entry Mode Set 



Figure 38 Initialization by Instruction, Eight-Bit Interface 
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Power on 



3 



Wait more than 1 5 ms 
after V cc rises to 4.5 V 



[Wait more than 1 00 /*s 







RS R/W DB 7 



DB 6 



DB 5 
1 


DB 4 
1 






RS R/W DB 7 



DB 6 



DB 5 
1 


DB 4 




N 




F 






* 



1 




























1 








1 




l/D 




s 







Initialization ends 



RS R/W DB 7 0B 6 DB 5 DB 4 
1 1 








Wait more than 4.1 ms 






RS R/W DB 7 DB 6 DB 5 DB 4 
1 1 









BF cannot be checked before this instruction 



Function set (Interface is 8 bits long) 



BF. cannot be checked before this instruction 



Function set (Interface is 8 bits long) 



BF cannot be checked before this instruction 



Function set (Interface is 8 bits length) 



BF can be checked after the following instructions. 
When BF is not checked, the waiting time between I 
instructions is longer than the execution instruction | 
time (see table 5) . 



Function set (Set interface to be 4 bits long.) 
Interface is 8 bits long. 

Function set (Interface is 4 bits long. Specify the num- 
ber of display lines and character font.) 
The number of display lines and character font cannot 
be changed afterwards. 

Display off 

Display Clear 

Entry Mode Set 



Figure 39 Initialization by Instruction, Four-Bit Interface 
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LCD-II and LCD-IIA 

Table 13 shows the differences between the 
LCD-II and LCA-IIA. 

There are two types of multiplex waveforms 
for LCD driving: A and B. A type, shown in 



figure 40, is used for alternation in 1 frame, 
and B type, shown in figure 41, for alternation 
in 2 frames. B type has better display quality 
in highly multiplexed drive. 



Table 13 Functions Comparison between LCD-II and LCD-IIA 


Item 


LCD-II (HD44780) 


LCD- 1 1 A ( H D66780) Note 


Display RAM 

\iviaAiiiiuiii nuniuci ui 

display characters) 


80 bytes (80 characters) 


Same as LCD-II 


* Character generator ROM 
(Kinds of characters) 


7200 bits 
1 92 characters 
5x7:160 characters 
5x10: 32 characters 


1 2000 bits 
240 characters 
5x10: 240 characters 


Character generator RAM 
(Number of characters) 


64 bytes 

(8 characters) 


Same as LCD-II 


LCD driving terminals 
(Maximum number of 
display cnaraciers/ 
unit) 


16 COMs 
40 SEGs 

\ 1 D CridrdultJio/ 


Same as LCD-II 


Character font 
(with a cursor) 


5x8 dots 
5x11 dots 


Same as LCD-II 


Multiplexing duty ratio 


1/8, 1/11, 1/16 




* LCD driving voltage 1 /4 bias 


3.0 to 1 1 (v) 


3.0 to V CC (V) Vccto V 5 (V) 


1/5 bias 


4.6 to 1 1 (v) 


3.0toV C c(v) 


* LCD driving waveform 


A waveform 


B waveform See figures 40,41 


♦ Bus timing 


1, 1.5 MHz 


2 MHz 


Instruction codes 


1 1 instructions 


Same as LCD-II 


Power-on reset circuit 


Yes 


Same as LCD-II 


Oscillator 
(Frequency) 


Ceramic filter, Rf , 
external clock 
(250 kHz) 


Same as LCD-II 


Interface 


HD44100H 


HD44100H or HD66100F 


Package 


FP-80, FP-80A 


Same as LCD-II 


Pin arrangement 


Refer to p. 98 


Same as LCD-II 



Note: * indicates the modified items on LCD-IIA. 
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Common 



Segment 



n 



n 



Common-segment 



p 












1 frame « 1 frame 





u 



Figure 40 A-Type Waveforms (1/3 Duty Factor, 1/3 Bias) 



Common 



Segment 



Common-segment - 



»4 

Injuinnnji 

jinjjuif - 



1 frame 



Figure 41 B-Type Waveforms (1/3 Duty Factor, 1/3 Bias) 
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Character Pattern Development 
Procedure 

The numbers in the above figure correspond 
to the following operations: 

1. Determime the correspondence between 
character codes and character patterns. 

2. Create a listing indicating the correspon- 
dence between EPROM addresses and 
data. 

3. Program character patterns in the 
EPROM. 

4. Send the EPROM to Hitachi. 



5. Hitachi performs computer processing 
with the EPROM to create a character 
pattern listing and sends it to the user. 

6. If there is no problem in the character 
pattern listing, Hitachi creates trial LSIs 
and sends samples to the user. The user 
evaluates the samples. When it is con- 
firmed that character patterns are cor- 
rectly written, mass production of LSI is 
started. 



Computer 
processing 



Create character 
pattern listing 




► Back to 
start 



Sample 



\ Sample / ^ 
\ evaluation / ^ 




^Mass productior^ 



^ Start ^ 



Determine 
character patterns 



Create EPROM 
address data listing 



EPROM- 
Hitachi 



® 



Figure 42 Character Pattern Development Procedure 
HITACHI 

204 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HD66780 (LCD -II A) 



Character Pattern Program Method 

The relationship between the EPROM 
address and character pattern is shown in 
table 14. 



In order to evaluate ROM patterns, we rec- 
ommend to use our LCD controller HD61830. 
We also supply LCD control board (CB1026R). 



Table 14 Character Data in EPROM 



EPROM Address 


Data 


(right sile up) 

A A _ A _ A A A A 

An A10 A9 As A7 A6 A5 


A 

A4 


A3 


A2 


A1 


Ao 


(LSB) 
Oo O1 


U2 


03 


04 


O5 06 O7 
















































1 





























1 








1 


1 





1 














1 


1 


1 








1 


1 











1 








1 











1 




11110 


1 





1 





1 


1 











1 











1 


1 








1 


1 


1 













1 


1 


1 





























































1 



























1 































1 


1 




















1 


























1 





1 




















1 


1 























1 


1 


1 















Character code Line code 

Notes: 1 . EPROM Data O5-O7 are invalid 

2. Data "0" must be programed at 1 1th line (cursor position). 

3. Data at 12-1 6th line are invalid 

4. Data at Oo locate at the left side of screen. (The relation between the bit number and position 
is reversed, compared with HD44780.) 
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Handling Unused Character Patterns 

1. EPROM data outside the character pat- 
tern area 

Ignored by the character generator ROM 
for display operation so it can be or 1. 

2. EPROM data in CG RAM area 

Ignored by the character generator ROM 
for display operation so it can be or 1. 

3. EPROM data used when the user does not 
use any LCD-II character pattern 

Handled in one of the two ways explained 
below. Select one of two ways according 
to the user application. 



a. When unused character patterns are 
not programed 

If an unused character code is written 
in the LCD-II DD RAM, all dots are lit. 
No programming for a character pat- 
tern is equivalent to all bits lit. (This is 
because the EPROM is filled with 1 
when the EPROM is erased.) 

b. Program for unused character pat- 
terns 

Nothing is displayed even if unused 
character codes are written in LCD-II 
DD RAM. (It is equivalent to space.) 



Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Power Supply Voltage 


V CC 


-0.3 to +7.0 


V 


Input Voltage 


V T 


-0.3 to Vcc + 0.3 


V 


Operating Temperature 


Topr 


-20 to +75 


°c 


Storage Temperature 


Tstg 


-55 to +125 





Notes: 1 .If LSIs are used above the absolute maximum ratings, they may be permanently destroyed. 

Using them within electrical characteristic limits is strongly recommended for normal opera- 
tion. Use beyond these conditions will cause malfunction and poor reliability. 

2. All voltage values are referred to GND = V. 

3. Applies to V1 to V5. The relation: Vcc^VI ^V3^V4^V5^GND must be maintained. 

(high to low) 
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Electrical Characteristics 



DC Electrical Characteristics (Vcc = 5 V ± 10%, Ta = -20 to +75 C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input High Voltage (1) 


Vim 


2.3 


- 


Vcc 


V 




(2) 


Input Low Voltage (1 ) 


V|L1 






0.6 


V 




(2) 


Input High Voltage (2) 


V|H2 


Vcc- 1.0 


- 


Vcc 


V 




(12) 


Input Low Voltage (2) 


V,L2 






1 .0 


V 




(12) 


Output High Voltage (1)(TTL) 


VoH1 


2.4 






V 


-Ioh = 0.205 mA 


(3) 


Output Low Voltage (1)(TTL) 


V0L1 






0.4 


V 


Iol = 1 .6 mA 


(3) 


Output High Voltage (2)(CMOS) 


V0H2 


0.9V CC 






V 


-Ioh = 0.04 m A 


(4) 


Output Low Voltage (2) (CMOS) 


VoL2 






0.1 V C c 


V 


Iol = 0.04 mA 


(4) 


Driver On Resistance (COM) 


Rcom 




— ■ 


20 


kn 


±ld = 0.05 mA 
to each COM Pin 


(10) 


Driver On Resistance (SEG) 


RSEG 






30 


kn 


±ld = 0.05 mA 

trt oa^h QFf5 Pin 
LU GdUll ulO rill 


(10) 


Input Leakage Current 


IlL 


-1 




1 




V in = tO Vcc 


(5) 


Pull up MOS Current 


Hp 


50 


125 


250 




V CC = 5 V 




Power Supply Current (1) 


Icci 




0.55 


0.8 


mA 


Ceramic filter oscillation 
Vcc = 5 V, 
fosc = 250 kHz 


(6) 


Power Supply Current (2) 


ICC2 




0.35 


0.6 


mA 


Rf oscillation, 

External clock operation 

V CC = 5 V, 

fosc = fcp = 270 kHz 


(6) 
(11) 


External Clock Operation 


External Clock Frequency 


fcp 


125 


250 


350 


kHz 




(7) 


External Clock Duty 


Duty 


45 


50 


55 


% 




(7) 


External Clock Rise Time 


trcp 






0.2 


MS 




(7) 


External Clock Fall Time 


tfcp 






0.2 


MS 




(7) 


Internal Clock Operation (Rf Oscillation) 


Clock Oscillation Frequency 


fosc 


190 


270 


350 


kHz 


Rf = 82 kn±2% 


(8) 


Internal Clock Operation (Ceramic Filter Oscillation) 


Clock Oscillation Frequency 


fosc 


245 


250 


255 


kHz 


Ceramic filter 


(9) 


LCD Voltage 


V|_CD1 


3.0 




Vcc 


V 


V C c-V 5 1/5 bias 


(13) 




V[_CD2 


3.0 




Vcc 


V 


1 /4 bias 


(13) 



Figure 43 shows the I/O pin configurations except for liquid crystal display output. 
Input pins and I/O pins. Excludes OSCi pin. 
I/O pins. 
Output pins. 

Current flowing through pull-up MOS's and output drive MOS's is excluded. 
Input/output current is excluded. When input is at an intermediate level with CMOS, 
excessive current flows through the input circuit to the power supply. To avoid this, input 
level must be fixed at high or low. 
External clock operation as shown in figure 44. 
Internal oscillator operation using oscillation resistor Rf (figure 45). 
Internal oscillator operation using a ceramic filter (figure 46). 

Rcom applies to the resistance between power supply pin (Vcc, Vi , V4, V5) and each common 
signal pin (COM1 to COMie). 

Rseg applies to the resistance between power supply pin (Vcc, V2, V3, V5) and each segment 
signal pin (SEG1 to SEG40). 
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1 1 . Relation between operation frequency and current consumption is shown in figure 47 . 
(Vcc = 5 V) 

12. Applied to OSCi pin. 

13. When each COM and SEG output voltage is within ±0.15 V of LCD voltage (Vcc, Vi, V2, 
V3, V4, V5) when there is no load. 



• Input Pin 

Pins: E 
(MOS without 
pull-i 



Pins: RS, R/W 
(MOS with pull-up) 



out v cc 

HP' 



'PMOS 



Vcc V cc 





^ 1 QJ PMOS 



JUJPMOS 



-j N-i NMOS 



Pull-up MOS 



-j^jNMOS 



• Output Pin 
Pins: CL1, CL 2 , M, D 



Vcc 



PMOS 



1 NMOS 



H/0 Pin 



Pins: DB to DB 7 
(MOS with pull-up) 




(Output Circuit) 
(Three-state) 



Enable 



Data 



Figure 43 Pin Configuration 
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Oscillator 




OSCi 




Open 


OSC 2 





0.7 V cc 
0.5V CC 

0.3 Vcc - 



Th 



_ 



Tl 



f 



Th 



J 



Duty Factor = -ph + Tl x 1 00% 



trcp 



tfcp 



Figure 44 External Clock 



Rf 



OSC1 
0SC 2 



Rf: 82 kQ ±2% 



Since oscillation frequency varies depending on OSC1 and OSC2 terminal capacitance, wiring 
length to these pin should be minimized. 

Figure 45 Internal Oscillator, Resistor 




Ceramic filter: CSB250A (Murata) 
Rf: 1 MQ ±10% 
C 1 :680pF±10% 
C 2 :680pF±10% 
Rd:3.3kQ ±5% 



Ceramic filter 



Note: This circuit is a standard one and we do not insure the oscillation frequency character- 
istics. Study the actual circuit ratings in using this circuit. 



Figure 46 Internal Oscillator, Ceramic Filter 
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v 5 
Note: 



@ - V cc ~ V 5 
<8> - V cc - V, 

(D^0.25 x @ 



The conditions of Vi, V5 voltages 
are for proper operation of the LSI 
and not for the LCD output level 
(figure 48). The LCD drive voltage 
condition for the LCD output level is 
specified in "LCD voltage Vlcd". 



Figure 48 Vi, V 5 Voltages 



Figure 47 Frequency vs Current 
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Bus Timing Characteristics (Vcc = 5.0 V±10%, GND = V, Ta = -20 to +75 C) 

Write Operation (Writing Data from MPU to HD66780) 



Item 


Symbol 


Min 


Mex 


Unit 


Test Condition 


Enable Cycle Time 


tCYCE 


500 




ns 


Fig. 52 


Enable Pulse Width (High level) 


PW EH 


220 






Fia 52 


Enable Rise/Fall Time 


t E r, t E f 




20 


ns 


Fig. 52 


Address Set-up Time (RS, R/W-E) 


tAS 


40 




ns 


Fig. 52 


Address Hold Time 


tAH 


10 




ns 


Fig. 52 


Data Set-up Time 


tDSW 


60 




ns 


Fig. 52 


Data Hold Time 


tH 


10 




ns 


Fig. 52 


Read Operation (Reading Data from HD66780 to MPU) 






Item 


Symbol 


Min 


Max 


Unit 


Test Condition 


Enable Cycle Time 


tCYCE 


500 




ns 


Fig. 53 


Enable Pulse Width (High level) 


PWeh 


250 




ns 


Fig. 53 


Enable Rise/Fall Time 


tEr, t E f 




20 


ns 


Fig. 53 


Address Set-up Time (RS, R/W-E) 


tAS 


40 




ns 


Fig. 53 


Address Hold Time 


tAH 


10 




ns 


Fig. 53 


Data Delay Time 


tDDR 




250 


ns 


Fig. 53 


Data Hold Time 


tDHR 


20 




ns 


Fig. 53 





► 5.0V 

;R L = 2.4kQ 



Test Point o- 



90pF^ <10kQ 



in 



Diode 
1S2074® 



Figure 49 Load Circuit (DB -DB 7 ) 
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Interface Signal with HD44100H or HD66100F Timing Characteristics 
(Vcc = 5.0 V±10%, GND = V, Ta = -20 to +75 C) 



Item 


Symbol 


Min 


Max 


Unit 


Test Condition 


Clock Pulse Width (High level) 


tcWH 


800 




ns 


Fig. 54 


Clock Pulse Width (Low level) 


tCWL 


800 




ns 


Fig. 54 


Clock Set-up Time 


tcsu 


500 




ns 


Fig. 54 


Data Set-up Time 


tsu 


300 




ns 


Fig. 54 


Data Hold Time 


tDH 


300 




ns 


Fig. 54 


M Delay Time 


tDM 


-1000 


1000 


ns 


Fig. 54 


Clock Rise/Fall Time 


tct 




100 


ns 


Fig. 54 


Power Supply Conditions Using Internal Reset Circuit 






Item 


Symbol 


Min 


Max 


Unit 


Test Condition 


Power Supply Rise Time 


trCC 


0.1 


10 


ms 


Fig. 51 


Power Supply Off Time 


tOFF 


1 




ms 


Fig. 51 



Note: The internal reset circuit will not operate normally unless the preceding conditions are met. In 
that case, initialize by instruction. (Refer to Initializing by Instruction) 



Test Point i 



60 pF ±: 



Figure 50 Interface Signal Load Circuit 



0.2 V 
V cc 

0.1ms ^ t^c ^ 10ms 




4.5V 





*toFF stipulates the power off time for a power supply 
instantaneous dip or when power supply is cycled off then on. 



Figure 51 Power Supply Timing 
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HD66780 (LCD -II A) 


Timing Characteristics 




Write Operation 





R/W 



DB — DB 7 



> 


C V,H1 V, m 3 
t V|L1 V| L 1 7 


< 




^ t AS w 




t A H 






• 

i 


\ 

- 






PW EH 


tAH 










1? 


<V,m V, H ^y 
V|L1 V|L1 






tfr „ 




_ tosw _ 


t H 










V, H l\j 

v IL1 / 


Vaild Data 


j/V,Hl 
\V,u 








tcYCE 









Figure 52 Bus Write Operation Sequence (Writing Data from MPU to HD66780) 
Read Operation 




tcYCE 



Figure 53 Bus Read Operation Sequence (Reading Data from HD66780 to MPU) 
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Interface Signal with Driver LSI HD44100H or HD66100F 



CL 2 



M 



0.9 V cc / 



c/ \0.9V, 




tcWH 



— tcsu 

"A 1 0.9 Vcc 
0.1 V cc V j 



tcsu 



X 



Jet 

6.9 V cc 
0.1 Vcc 



tcWH , 



tcWL J 



.9 V cc 0.9 V cc 
O.IVcc 0.1 V cc 



tsu 



tDH ^ 



J^OI 



Vcc 

tDM 



Figure 54 Sending Data to Driver LSI HD44100H or HD66100F 
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LCD CONTROLLER/DRIVER LSI DATA BOOK 



Section Five 



Graphic Display 
LCD Controller/Driver 



HITACHI 



H D441 02CH 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

The HD44102CH is a column (segment) driver for 
dot matrix liquid crystal graphic display systems, 
storing the display data transferred from a 4-bit or 8- 
bit microcomputer in the internal display RAM and 
generating dot matrix liquid crystal driving signals. 

Each bit data of display RAM corresponds to on/off 
state of each dot of a liquid crystal display to provide 
more flexible than character display. 

The HD44102CH is produced by the CMOS process. 
Therefore, the combination of HD44102CH with a 
CMOS microcontroller can complete portable battery- 
driven unit ntilizing the liquid crystal display's low 
power dissipation. 

The combination of HD44102CH with the row 
(common) driver HD44103CH facilitates dot matrix 
liquid crystal graphic display system configuration. 



Pin Arrangement 




GND 

M 

NC 

* 

CL 

FRM 

DB? 

OBe 

DBS 

DB4 

DBs 

DB2 

DBi 

DBo 

D/l 

R/W 

E 

CSs 

CS2 

CSi 
RST 
BS 

Vcc 



>>>->->>•>• 
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Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

• Interfaces with 4-bit or 8-bit MPU 

• RAM data directly displayed by internal display 
RAM 

RAM bit data 1: On 
RAM bit data 0: Off 

• Display RAM capacity: 50 x 8 x 4 ( 1 600 bits) 

• Internal liquid crystal display driver circuit 
(segment output): 50 segment signal drivers 

• Duty factor (can be controlled by external input 
waveform) 

- Selectable duty factors: 1/8, 1/12, 1/16, 

1/24, 1/32 

• Wide range of instruction functions 

- Display Data Read/Write, Display On/Off, 
Set Address, Set Display 

- Start Page, Set Up/Down, Read Status 

• Low power dissipation 

• Power supplies: V cc 5 V ± 1 0%, V EE to -5 V 

• CMOS process 

• 80-pin flat plastic package 
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Block Diagram 



> - 

> - 



I- 

2. 



> - 



f 



N 



jepooea 



ED. 



Iff 



V, 



jepooea 



X 



je)si6ej 



>- 

X 



jeisi6ej 
jndino 



o|6o| 

90B|J91U| 



n 
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r « 8 Q IS 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1) 


V cc 


-0.3 to +7.0 


V 


1 


Supply voltage (2) 




V cc -13.5toV cc + 0.3 


V 




Input voltage (1) 


V T1 


-0.3 to + 0.3 


V 


1,2 


Input voltage (2) 


V T2 


V EE *-0.3 to + 0.3 


V 


3 


Operating temperature 




-20 to +75 


°c 




Storage temperature 


\ 


-55 to +125 


°c 





Notes: 1. Referenced to GND = 0. 

2. Applied to input terminals (except V1 , V2, V3, and V4), and I/O common terminals. 

3. Applied to terminals V1 , V2, V3, and V4. 



Electrical Characteristics 

(Vcc - +5 v ±10% » GND = V, V EE = to -5.5 V, Ta = -20 to 75 °C) < Note4 > 



Item 


Symbol 


Min 


Typ Max 


Unit 


Test condition 


Note 


Input high voltage (CMOS) 


v 

V IHC 


0.7xV cc 


~" V cc 


V 




5 


Input low voltage (CMOS) 


V |LC 





- 0.3xV cc 


V 




5 


Input high voltage (TTL) 


v IHT 


2.0 


~ V cc 


V 




6 


Input low voltage (TTL) 


v 1LT 





- +0.8 


V 




6 


Output high voltage 


Voh 


+3.5 




V 


l OH = -250uA 


7 


Output low voltage 


Vol 




- +0.4 


V 


l 0L -+1.6mA 


7 


Vi-Xj ON resistance 


R ON 




- 7.5 


ka 


V EE «-5V±10%, 
Load current 100 uA 




Input leakage current (1) 




-1 


- 1 


uA 


V^-V^toGND 


8 


Input leakage current (2) 


>u 


-2 


- 2 


uA 


V^-VoetoV. 


9 


Operating frequency 


*CLK 


25 


- 280 


kHz 


<|>1 , <|>2 frequency 


10 


Dissipation current (1) 


tci 




- 100 


uA 


f^ - 200 kHz frame - 
65 Hz during display 


11 


Dissipation current (2) 


'cC2 




- 500 


uA 


Access cycle 1 MHz 
at access 


12 
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Notes: 4. Specified within this range unless otherwise noted. 

5. Applied to M, FRM, CL, BS, RST f <|>1 , <|>2. 

6. Applied to CS1 to CS3, E, D/l, R/W and DBO to DB7. 

7. Applied to DBO to DB7. 

8. Applied to input terminals, M, FRM.CL, BS, RST, (|>1, <|>2, CS1 to CS3, E, D/l and R/W, 
and I/O common terminals DBO to DB7 at high impedance. 

9. Applied to V1 , V2, V3, and V4. 
10. <|>1 and (|>2 AC characteristics. 





Symbol 


Min 


Typ 


Max 


Unit 


Duty factor 


Duty 


20 


25 


30 


% 


Fall time 


t, 






100 


ns 


Rise time 








100 


ns 


Phase difference time 




0.8 






[IS 


Phase difference time 


V 


0.8 






tis 










40 


US 




11 . Measured by V cc terminal at no output load, at 1/32 dury factor, and frame frequency 
of 65 Hz, in checker pattern display. Access from the CPU is stopped. 

12. Measured by V cc terminal at no output load, 1/32 duty factor and frame frequency of 
65 Hz. 
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Interface AC Characteristics 



Item 


Symbol 


Rat*. 

Mm 


Typ 


Max 


1 ImU 

Unit 


Note 


E cycle time 


*CYC 


1000 






ns 


13, 14 


E nigh level width 


^WEH 


450 






ns 


13, 14 


E low level width 


n 

WEL 


450 






ns 


13, 14 


c rise iime 


V 






CO 


ns 


1Q 1 A 
lO, l*f 


b tall time 








25 


ns 


13, 14 


Address setup time 


l AS 


4 Af\ 






ns 


i O i A 
IO, 14 


Address hold time 


Vh 


10 






ns 


13,14 


Data setup time 


^DSW 


200 






ns 


13 


Data delay time 


*DDR 






320 


ns 


14,15 


Data hold time at write 


*DHW 


10 






ns 


13 


Data hold time at read 


*DHR 


20 






ns 


14 



Notes: 




Test Point o- 



Di 



Rl 

D2 
D3 
D4 



R L »2.4kfl 
R =11 

C ■ 1 30 pF (including jig capacitance) 
Diodes D, to D 4 are all 1S2074 (Fj) 
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Notes: 16. Display off at initial power up. 

The HD441 02CH can be placed in the display off state by setting terminal RST to low 
at initial power up. 

No instruction other than the Read Status can be accepted while the RST is at the low 
level. 





Symbol 


Min 


Typ 


Max 


Unit 


Reset time 


^RST 


1.0 






us 


Rise time 


«r 






200 


ns 



Pin Description 



Pin 
Name 



Pin 

Number 



I/O Function 




Y1-Y50 50 



Liquid crystal display drive output. 

Relationship among output level, M and display data (D): 



Output 
Level 




CS1 -CS3 3 I Chip select 



CS1 


CS2 


CS3 


State 


L 


L 


L 


Non-selected 


L 


L 


H 


Non-selected 


L 


H 


L 


Non-selected 


L 


H 


H 


Selected read/write enable 


H 


L 


L 


Selected write enable only 


H 


L 


H 


Selected write enable only 


H 


H 


L 


Selected write enable only 


H 


H 


H 


Selected read/write enable 



E 1 I Enable 

At write (R/W = Low): Data of DBO to DB7 is latched at the fall of E. 

At read (R/W = High): Data appears at DBO to DB7 while E is at high 
level. 
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Pin Name 


Pin 

r III 

Number I/O 


Function 


R/W 


1 I 


Read/Write 

R/W = High: Data appears at DBO to DB7 and can be read 

by the CPU when E - high and CS2, CS3 = high. 

R/W = Low: DBO to DB7 can accept input when CS2, CS3 = high or 
CS1 = high. 


D/l 


1 I 


Data/Instruction 

D/l = High: Indicates that the data of DBO to DB7 is display data. 
D/l = Low: Indicates that the data of DBO to DB7 is display control 
data. 


DB0-DB7 


8 I/O 


Data bus, three-state I/O common terminal 

E R/W CS1 CS2 CS3 State of DBO to DB7 

H H * H H Output state 

* L H Input state, 

* L * H H High impedance 

f\f hare Minh imnoHan^o 
Wliicio riiyii iiiipeudiivrf? 


M 


1 I 


Signal to convert liquid crystal display drive output to AC. 


CL 


1 I 


Display synchronous signal 

At the rise of CL signal, the liquid crystal display drive signal 
corresponding to display data appears. 


FRM 


1 I 


Display synchronous signal (frame signal) 

This signal presets the 5-bit display line counter and 
synchronizes a common signal with the frame timing when 
the FRM signal becomes high. 




2 I 


2-phase clock signal for internal operation 

The <t>1 and <{> 2 clocks are used to perform the operations 
(input/output of display data and execution of instructions) 
other than display. 


RST 


1 I 


Reset signal 

The display disappears and Y address counter is set in the up 
counter state by setting the RST signal to low level. After 
releasing reset, the display off state and up mode is held until 
the state is changed by the instruction. 


BS 


1 I 


Bus select signal 

BS = Low: DBO to DB7 operate for 8-bit length. 

BS = High: DB4 to DB7 are valid for 4-bit length only. 

8-bit data is accessed twice in the high and low order. 


V1,V2, 
V3,V4 


4 


Power supply for liquid crystal display drive 
V1 and V2: Selection voltage 
V3 and V4: Non-selection voltage 
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Pin 

Pin Name Number I/O Function 

V cc 3 Power supply 

V CC -GND: Power supply for internal logic 

v V CC -V EE : Power supply for liquid crystal display drive circuit logic 



Function of Each Block 



Interface Logic 

The HD44 1 02CH can use the data bus in 4-bit or 8-bit 
word length to enable interface to a 4-bit or 8-bit CPU. 

1. 4 bit mode (BS = High) 

8-bit data is transferred twice for every 4 bits 
through the data bus when the BS signal is high. 



The data bus uses the high order 4 bits (DB4 to 
DB7). First, the high order 4 bits (DB4 to DB7 
in 8-bit data length) are transferred and then the 
low order 4 bits (DBO to DB3 in 8-bit data 
length). 



Busy Flag 
D/l 

r/w ' 



1 



°B5|S(ZX^ 



Busy flag 


Address 


Address 


Busy flag 


Data high 


check 


high order 


low order 


check 


order write 


(Status 


write 


write 


(Status 




read) 






read) 





Data low 
order write 



Figure 1 4-Bit Mode Timing 

Note: Execute instructions other than status read in 4-bit length each. The busy flag is set at the 
fall of the second E signal. The status read is executed once. After the execution of the status 
read, the first 4 bits are considered the high order 4 bits. Therefore, if the busy flag is chec- 
ked after the transfer of the high order 4 bits, retransfer data from the higher order bits. No 
busy check is required in the transfer between the high and low order bits. 
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2. 8-bit mode (BS = Low) 

If the BS signal is low, the 8 data bus lines (DBO to 

DB7) are used for data transfer. 

DB7: MSB (Most significant bit) 
DBO: LSB (Least significant bit) 

For AC timing, refer to note 1 2 to note 1 5 of "Electrical 

Characteristics". 

Input Register 

8-bit data is written into this register by the CPU. The 
instruction and display data are distinguished by the 
8-bit data and D/I signal and then a given operation is 
performed. Data is received at the fall of the E signal 
when the CS is in the select state and R/W is in write 
state. 

Output Register 

The output register holds the data read from the 
display data RAM. After display data is read, the 
display data at the address now indicated is set in this 
output register. After that, the address is increased or 
decreased by 1 . Therefore, when an address is set, the 
correct data doesn't appear at the read of the first 
display data. The data at a specified address appears 
at the second read of data (figure 2). 



X, Y Address Counter 

The X, Y address counter holds an address for reading/ 
writing display data RAM. An address is set in it by 
the instruction. The Y address register is composed of 
a 50-bit up/down counter. The address is increased or 
decreased by 1 by the read/write operation of display 
data. The up/down mode can be determined by the 
instruction or RST signal. The Y address register 
counts by looping the values of to 49. The X address 
register has no count function. 

Display On/Off Flip/Flop 

This flip/flop is set to on/off state by the instruction or 
RST signal. In the off state, the latch of display data 
RAM output is held reset and the display data output 
is set to 0. Therefore, display disappears. In the on 
state, the display data appears according to the data in 
the RAM and is displayed. The display data in the 
RAM is independent of the display on/off. 

Up/Down Flip/Flop 

This flip/flop determines the count mode of the Y 
address counter. In the up mode, the Y address 
register is increased by 1 . follows 49. In the down 
mode, the register is decreased by 1 . is followed by 
49. 



D/l 
R/W 
E 

Address 

Output 
register 



_r~i_j~-L_r 



1 N 


1 N±1 


I N±2 






| Data at address N 


| Data at address N ± 1 





Busy 


Write 


Busy 


Read data 


Busy 


Read data 


Busy , 


DBo — DB7 


check 


address N 


check 


(dummy) 


check 


at 


check 












address N 





Data read 

address 

N±1 



Figure 2 Data Output 
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Display Page Register 

The display page register holds the 2-bit data that 
indicates a display start page. This value is preset to 
the high order 2 bits of the Z address counter by the 
FRM signal. This value indicates the value of the 
display RAM page displayed at the top of the screen. 

Busy Flag 

After an instruction other than status read is accepted, 
the busy flag is set during its effective period, and 
reset when the instruction is not effective (figure 3). 
The value can be read out on DB7 by the status read 
instruction. 

The HD44 1 02CH cannot accept any other instructions 
than the status read in the busy state. Make sure the 
busy flag is reset before issuing an instruction. 



Z Address Counter 

The Z address counter is a 5-bit counter that counts up 
at the fall of CL signal and generates an address for 
outputting the display data synchronized with the 
common signal. is preset to the low order 3 bits and 
a display start page to the high order 2 bits by the FRM 
signal. 

Latch 

The display data from the display data RAM is 
latched at the rise of CL signal. 

Liquid Crystal Driver Circuit 

Each of 50 driver circuits is a multiplex circuit 
composed of 4 CMOS switches. The combination of 
display data from latchs and the M signal causes one 
of the 4 liquid crystal driver levels, VI , V2, V3 and 
V4 to be output. 



Busy 



* — Tbusy — *|~ 



F<j, ■ Tbusy = Rj> 

F<|> is <J>1 , <J>2 frequency (half of HD441 03CH oscillation frequency) 



Figure 3 Busy Flag 
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Display RAM 



LSB 
Do- 

Di- 

D2- 

D3- 
D4- 

Ds- 
De- 

D7- 

MSB 



COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
COM9 



; 

COM30 
COM3! 
COM32 



Yo Yi Y2 Y3 Y4 
(Y address) 






1 


1 


1 













1 


1 











1 










1 


1 











1 










1 


1 











1 




1 





1 


1 


1 


1 


1 


1 










1 


1 











1 










1 


1 











1 










1 

































































""0 


1 

















1 






















1 


1 


1 


1 


1 








































Display pattern 




Driver output 
Yi— Yso 



X=0 

JX=1 
X=2 

X»3 



Data in display RAM 



Y47Y48Y49 



Figure 4 Relationship between Data in RAM and Display 
(Display start page 0, 1/32 duty) 
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Display Control Instructions 

Read/Write Display Data 

MSB DB LSB 
FVW D/l 7 6 5 4 3 2 1 
1 1 (Display data) 

Read (CPU <- HD44102CH) 
1 (Display data) 

Write (CPU ->HD44102CH) 

Sends or receives data to or from the address of the 
display RAM specified in advance. However, a 
dummy read may be required for reading display data. 
Refer to the description of the output register in 
Function of Each Block. 

Display On/Off 

MSB DB LSB 

R/WD/I 7 6 5 4 3 2 1 

1 1 1 1 Display on 

1 1 1 Display off 



Set X/Y Address 

MSB DB LSB 
R/WD/I 7 6 5 4 3 2 1 


1 Binary numbers of 0-49 
10 
11 



X address 
(page) 

Y address 



Y address 
(address) 






1 ... 


48 49 


00 


L 
M 


PageO 


01 


L 
M 


Page 1 


10 


L 
M 


Page 2 


11 


L 
M 


Page 3 






Display Data RAM 



Turns the display on/off. RAM data is not affected. 



Display Start Page 

MSB DB LSB 

R/W D/l 7 6 5 4 3 2 1 

1 1 1 1 1 

Refer to figure 5 (a) 

1 1 1 1 1 1 

Refer to figure 5 (b) 

10 111110 

Refer to figure 5 (c) 

J_J^ 111 110 

Display start page 

Refer to figure 5 (d) 
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Specifies the RAM page displayed at the top of the 24, 1/16), display begins at a page specified by the 
screen. Display is as shown in figure 4. When the display start page only by the number of lines, 
display duty factor is more than 1/32 (For example, 1/ 



(a) 



Start page = page 



A 


PageO 


B 


Page 1 


C 


Page 2 


D 


Page 3 



Display Data RAM 



Liquid Crystal Screen 



Displayed up to 
here when display 
duty is 1/N. 
(N=8,12,16,24,32) 



Start page = page 1 



(b) 



A 


Page 


B 


Page 1 


C 


Page 2 


D 


Page 3 




Display Data RAM 



Liquid Crystal Screen 



(c) 



Start page = page 2 



A 


PageO 


B 


Page 1 


C 


Page 2 


D 


Page 3 




Display Data RAM 



B 



Liquid Crystal Screen 



Start page = page 3 



(d) 



A 


Page - 


B 


Page 1 « 


C 


Page 2 ^ 


D 


Page 3 ' 


Display Dc 


ita RAM 




Liquid Crystal Screen 



Figure 5 Display Start Page 
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Up/Down Set 

MSB DB LSB 
R/W D/l 7 6 5 4 3 2 1 
1 1 1 1 1 Up mode 
00111010 Down mode 



Sets Y address register in the up/down counter 
mode. 



Status Read 



MSB 



DB 



R/W D/l 
1 



7 6 5 4 3 



B 
U 
S 
Y 



U O R 

P F E 

/ F S 

D / E 

O O T 
WN 
N 



LSB 
1 




Goes to 1 when RST is in the reset state 
(Busy also goes to 1). 

Goes to when RST is in the operating state. 

Goes to 1 in the display off state. 
Goes to on the display on state. 

Goes to 1 when address counter is in the up mode. 

Goes to when address counter is in the down 
mode. 



Goes to 1 while all other instructions are being 
executed. 

While 1 , none of the other instructions are 
accepted. 
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Connection Between LCD Drivers (Example of 1/32 Duty Factor) 



CR R C 



HD44103CH 
(Master) 



Xi 



X50 

SHL 
M/S 
FS 
DSi 
DS2 
DS3 



FRM 
M 

DL DR <|>1 (|>2 CL 

T 



Open 



To liquid 
crystal display 



Vcc 
GND 



Open Open Open 
I I | 



DL DR <|>1 <|>2FRM 
M 
CL 
Xi 



— Open 



HD44103CH 
(Slave) 



X12 
SHL 
M/S 
FS J- 
DSi - 
DS2 - 
DS3 - 



CR R C 

I I I 



To liquid 
crystal display 



Vcc 
GND 



Open Open 



VCC 



To liquid crystal display 



Yi 
FRM 

M 

CL 

<t>1 
<(>2 



Y50 



HD44102CH 
No. 1 



To liquid crystal display 



Yi 
FRM 

M 

CL 

♦ 1 

<|>2 



Y50 



HD44102CH 
No. 2 



Figure 6 1/32 Duty Factor Connection Example 
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Interface to CPU 

1. Example of connection to HD6800 

In the decoder given in this example, the addresses of Thus, the HD44 1 02CH can be controlled by reading/ 
HD44102CH in the address space of HD6800 are: writing data at these addresses. 
Read/write of display data: $'FFFF 
Write of display instruction: $'FFFE' 
Read of status: $'FFFE* 



Decoder 



Al5 




Ao 
R/W 



D/l 
R/W 



HD6800 



HD44102CH 



(|>2 



E 



Do 
to 

D? 



DBo 

to 

DB7 




Vcc 



RES 



RST 



Figure 7 Example of Connection to HD6800 Series 
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2. Example of connection to HD6801 

• The HD6801 is set to mode 5. P10-P14areusedas 
output ports, and P30-P37 are used as the data bus. 

• The 74LS 154 is a 4-to-16 decoder that decodes 4 
bits of P10-P13 to select the chips. 

• Therefore, the HD44102CH can be controlled by 
selecting the chips through P 1 0-P 1 3 and specifying 
the D/I signal through PI 4 in advance, and later 



conducting memory read or write for external 
memory space $0100 to $01FF of HD6801. The 
IOS signal is output to SCI, and the R/W signal is 
output to SC2. 
• For further details on HD6800 and HD6801, refer 
to their manuals. 



74LS154 



P10 
P11 
P12 

P13 

(IOS) SC1 
(R/W) SC2 

HD6801 Pu 
E 

P30 
P31 

(Data Bus) j 

P37 



Yo 
Yi 

Yl5 



Gi G2 




R/W 



D/I 



DBo 
DBi 

DB? 



HD44102CH 
No. 1 



Figure 8 Example of Connection to HD6801 
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Connection to Liquid Crystal Display 



IS x - 2 

it . 

1 X20 



§ ® 



X1 



I 



20. 



2L 



22. 



32, 



Liquid crystal display panel 
32 x 150 dots 



HD44102CH 
No. 1 



.Y50 

HD44102CH 
No. 2 



HD44102CH 
No. 3 



Figure 9 Example of Connection to 1/32 Duty Factor, 1-Screen Display 




Liquid crystal display panel 
16 x 100 dots 



HD44102CH 
No. 1 



HD44102CH 
No. 2 



Figure 10 Example of Connection to 1/16 Duty Factor, 1-Screen Display 
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HD44102CH 
No. 6 

Yi Y50 



HD44102CH 




HD44102CH 


No. 7 




No. 10 




Yi Y50 




Yi v^Y4o 




Liquid crystal display panel 
64 x 240 dots 




Yi >_Y50 

HD44102CH 
No. 2 




Yi ^^Y4o 

HD44102CH 
No. 5 





Figure 11 Example of Connection to 1/32 Duty Factor, 2-Screen Display 
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Limitations on Using 4-Bit Interface Function 

The HD44102 usuallly transfers display control data 
and display data via 8-bit data bus. It also has the 4- 
bit interface function in which the HD44 1 02 transfers 
8-bit data by dividing it into the high-order 4 bits and 
the low-order 4-bits in order to reduce the number of 
wires to be connected. You should take an extra care 
in using the application with the 4-bit interface function 
since it has the following limitations. 

Limitations 

The HD44102 is designed to transfer the high- 
order 4-bits and the low-order 4-bits of data in 
that order after busy check. The LSI does not 
work normally if the signals are in the following 



state for the time period (indicated with (*) in 
fifure 1 1) from when the high-order 4 bits are written 
(or read) to when the low-order 4 bits are written (or 
read); R/W = high and D/l = low while the chip is 
being selected (CS1 = high and CS2 = CS3 « don't 
care, or CS 1 = low and CS2 « CS3 ■ high). 



If the signals are in the limited state mentioned before 
for the time period indicated with (*) the LSI does not 
work normally. Please do not make the signals 
indicated with dotted lines simultaneously. As far as 
the time period indicated with (**), there is no problem. 

The following explains how the malfunction is caused 
and gives the measures in application. 



J 














u 




\J 

a 










\ \ 


a 




A 










** 


High order 
—.bits 

i * 


Low order 
— — bits 

o- 

i 



P 1 P' i 

Busy Writes high- Writes low- 

check order bits order bits 



Figure 12 Example of Writing Display Control Instructions 
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Cause 

Busy check checks if the LSI is ready to accept the 
next instruction or display data by reading the status 
register to the HD44102. And at the same time, it 
resets the internal counter counting the order of high- 
order data and low-order data. This function makes 
the LSI ready to accept only the high-order data after 
busy check. Strictly speaking, if R/W = high and D/ 
I = low while the chip is being selected, the internal 
counter is reset and the LSI gets ready to accept high- 
order bits. Therefore, the LSI takes low-order data for 
high-order data if the state mentioned above exist in 
the interval between transferring high-order data and 
transferring low-order data. 



Measures in Application 

1. HD44102 Controlled Via Port 

When you control the HD44102 with the port of a 
single-chip microcomputer, you should take care of 
the software and observe the limitations strictly. 

2. HD44102 Controlled Via Bus 
a. Malfunction Caused by Hazard 

Hazard of input signals may also cause the 
phenomenon mentioned before. The phase shift at 
transition of the input signals may cause the 
malfunction and so the AC characteristics must be 
carefully studied. 



b r \ r 

R/W \ / j 



f Hazard 
Example 

Writing High-Order Data 



Figure 13 Input Hazard 



b. Using 2-Byte Instruction 



E 


~~ i_n_n_ 


CS 


/ v_ 

~\ r 


Address 




(D/l) 
DBo — DB7 


— o-o- 

High-order Low-order 
data data 






Last 2 Machine Cycles 




of 2-Byte Instruction 



Figure 14 2-Byte Instruction 
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In an application with the HD6303, you can prevent 
malfunction by using 2-byte instructions such as STD 
and SIX This is because the high-order and low- 
order data are accessed in that order without a break 
in the last machine cycle of the instruction and R/W 
and D/I do not change in the meantime. However, you 
cannot use the least significant bit of the address 
signals as the D/l signal since the address for the 



second byte has an added 1. Design the CS decoder 
so that the addresses for the HD441Q2 should be 2N 
and 2N + 1, and that those addresses should be 
accessed when using 2-byte instructions. Forexample, 
in figure 14 the address signal A, is used as D/I signal 
and A 2 -A I3 are used for the CS decoder. Addresses 
4N and 4N + 1 are for instruction access and addresses 
4N + 2 and 4N + 3 are for display data access. 



A2-A15 

HD6303 Ai 
R/W 

E 



Decoder 



CS 
D/l 
R/W 
E 



HD44102CH 



Figure 15 HD6303 Interface 
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HD44103CH 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 



Pin Arrangement 



The HD44103CH is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals required for display with 
its internal oscillator and supplies them to the column 
driver (HD44102CH) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty. It can 
select 5 types of display duty ratio: 1/8, 1/12, 1/16, 
1/24, and 1/32. 20 driver output lines are provided, 
and the impedance is low (500 Q. max.) to enable a 
large screen to be driven. 

Features 

• Dot matrix liquid crystal graphic display common 
driver incorporating the timing generation circuit 

• Internal oscillator (Oscillation frequency can be 
selected by attaching an oscillation resistor and an 
oscillation capacity) 

• Generates display timing signals 

• 20-bit bidirectional shift register for generating 
common signals 

• 20 liquid crystal driver circuits with low output 
impedance 

• Selectable display duty ratio: 1/8,1/12,1/16,1/24, 
1/32 

• Low power dissipation 

• Power supplies: V cc : 5 V ± 10%, 

V EE :0to-5.5V 

• CMOS process 

• 60-pin plastic flat package 



: x x x x 



x x x x x : 



FlRHRFl HHHHHlil 



NC[T 
Xefj" 
X7[T 
XeQo 
XsQT 
NCQ2 
NCjj? 
NCQ7 
NC[]T 

X4 IjE 

XaQT 
XaDF 
Xi []» 
ViG» 

NCQT 

Ncrj? 



JNC 

]NC 

]NC 

]CL 

]M/S 

]NC 

]NC 

]NC 

]VCC 

]SHL 

]FRM 

]M 

]DS3 

]DS2 

]NC 

]NC 

]NC 
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Absolute Maximum Ratings 
Item 


Symbol 


Rated Value 


Unit Note 


Supply voltage (1) 


v cc 


-0.3 to +7.0 


V 


1 


Supply voltage (2) 


V EE 


V cc -13.5toV cc + 0.3 


V 


4 


Terminal voltage (1) 




-0.3 to V cc + 0.3 


V 


1.2 


Terminal voltage (2) 


v T2 


—0.3 to + 0.3 


V 


3 


Operating temperature 




-20 to +75 


°c 




Storage temperature 


T 8t0 


-55 to +125 


°c 





Notes: 1. Referenced to GND = 0. 

2. Applied to input terminals (except V1 , V2, V5, and V6) and I/O common terminals. 

3. Applied to terminals V1, V2, V5, and V6. 

4. Connect a protection resistor of 220 £2 ± 5% to V EE power supply in series. 



Electrical Characteristics 

(V cc . +5 V ±1 0%, GND = V, V EE = to -5.5 V, Ta = -20 to +75 °C) < Note5 > 



Item 


Symbol 


Min 


Typ Max 


Unit Test condition 


Note 


Input high voltage 


v,„ 


0.7xV cc 




V 




6 


Input low voltage 







~ 0.3 xV^ 


V 




6 


Output high voltage 


V 

V OH 


V cc -0.4 




V 


l OH = -400nA 


7 


Output low voltage 


Vol 




- 0.4 


V 


l OL »+400nA 


7 


Vi-Xj on resistance 


R ON 




- 500 


a 


V EE = -5±10%, 
Load current ±1 50 




Input leakage current (1 ) 


t,L1 


-1 


- 1 


\xA 


V^-V^toQND 


8 


Input leakage current (2) 


'« 


-2 


- 2 


HA 


V IN = V cc toV K 


9 


Shift frequency 


^SFT 




- 50 


kHz 


In slave mode 


10 


Oscillation frequency 


*osc 


300 


430 560 


kHz 


R f = 68kG±2% 
C f = 10 pF±5% 


11 


External clock operating 




50 


- 560 


kHz 






frequency 














External clock duty 


Duty 


45 


50 55 


% 




12 


External clock rise time 


w 




- 50 


ns 




12 


External clock fall time 






- 50 


ns 




12 


Dissipation power (master) 






- 4.4 


mW 


CR oscillation = 430 kHz 13 


Dissipation power (slave) 


p 

' w2 




- 1.1 


mW 


Frame frequency - 70 Hz14 
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Notes: 5. Specified within this range unless otherwise noted. 

6. Applied to CR, FS, DS1 to DS3, M, SHL, M/S, CL, DR, and DL 

7. Applied to DL, DR, M, FRM, CL, $1 and $2. 

8. Applied to input terminals CR, FS, DS1 to DS3, SHL and M/S, and I/O common terminals 
DL, DR, M, and CL at high impedance. 

9. Applied to V1,V2,V5, and V6. 
10. Shift operation timing 



DL/DR 



CL 



°- 7vcc V \/ 
°- 3vcc A A 

— _ * SU tH 

0.7VCC i \ f \ 

I — t v_ 



Min Typ Max Unit 





5 






US 


V 


5 






us 


% 






100 


ns 


t, 






100 


ns 



tr tf 



1 1 . Relationship between oscillation frequency and R/C f 



CR Oscillator 



Rf 



: Ct 









R 
C 

CR 



The values of R ( and C f are typical values. 
The oscillation frequency varies with the mounting 
condition. Adjust oscillation frequency to the 
required value. 



Vcc = 5V 
Ta «+25'C 




Cf = 6pF 

Cf*10pF 



150 (kQ) 
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12. 




Open — c 
Open — r 
External Clock — ► — CR 



13. Measured by V cc terminal at output non-load of R f - 68 kft ± 2% and C f = 1 0pF ± 5%, 1/ 
32 duty factor in the master mode. Input terminals must be fixed at V cc or QND while 
measuring. 

1 4. Measured by terminal at output non-load, 1 /32 duty factor, frame frequency of 70 Hz 
in the slave mode. Input terminals must be fixed at V cc or GND while measuring. 



Pin Description 
Pin 

Pin Name Number I/O Function 



X1-X20 20 O Liquid crystal display driver output. 

Relationship amon g output le vel. M, and data (D) in shift register: 




Output LVi^LVeJ^Vi^LVs 
level ~p — » p — *p — 



CR.R, C 3 Oscillator Rf Cf 

|R CR C| CR oscillator 



M 1 I/O Signal for converting liquid crystal display driver signal into AC. 

Master: Output terminal 
Slave: Input terminal 
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Pin Name 


Pin 

Number 

■ V VI III W 1 


I/O 


Function 

1 Ul IvIIVI 1 


CL 




I/O 


Shift register shift ciock. 
Master: Output terminal 
Slave: Input terminal 


FRM 


1 





Frame signal, Display synchronous signal. 


DS1-DS3 


3 


I 


Display duty ratio select. 



Display 

Duty Ratio 1/24 1/12 X 1/32 1/16 1/8 



DS1 


L 


H 


L 


H 


L 


H 


L 


H 


DS2 


L 


L 


H 


H 


L 


L 


H 


H 


DS3 


L 


L 


L 


L 


H 


H 


H 


H 



FS 1 | Frequency select. 

The relationship between the frame frequency f FRM and the 
oscillation frequency f osc is as follows: 

TO -High: f osc = 6144 xf FPM (1) 
FS = Low: W = 3072 xf FRM (2) 

Example (1 ) When FS - high, adjust Rf and Cf so that the 
oscillation frequency is approx. 
430 kHz if the frame frequency is 70 Hz. 

Example (2) When FS - low, adjust Rf and Cf so that the 

oscillation is approx. 215 kHz, in order to obtain the 
same display waveforms as example 1 . When 
compared with example 1 , the power dissipation is 
reduced because of operation at lower frequency. 
However, the operating clocks <|>1 and $2 supplied to 
the column driver have lower frequencies. Therefore, 
the access time of the column driver HD441 02CH 
becomes longer. 

DL, DR 2 I/O Data I/O terminals of bidirectional shift register. 

SHL 1 | Shift direction select of bidirectional shift register. 

SHL Shift Direction 
H PL -» PR 
L PL <- PR 
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Pin 






Pin Name 


Number I/O 


Function 




M/S 


1 I 


Master/slave select. 





M/S = High: Master mode 

The oscillator and timing generation circuit supply display 
timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is placed in the output state. 

M/S = Low: Slave mode 

The timing generation circuit stops operating. The oscillator is 

not required. Connect terminal CR to V^. 

Open terminals C and R. One (determined by SHL) of DL and 

DR, and terminals M and CI are placed in the input state. 

Connect M, CL and one of DL and DR of the master to the 

respective terminals. 

Connect FD, DS1 , DS2, and DS3 to V^. 

When display duty ratio is 1/8, 1/12, or 1/16, one HD44103CH is 
required. Use it in the master mode. 

When display duty ratio is 1/24 or 1/32, two HD44103CHs are 
required. Use the one in the master mode to drive common signals 1 
to 20, and the other in the slave mode to drive common signals 21 to 
24 (32). 





2 


Operating clock output terminals for HD44102CH. 

The frequencies of (J>1 and <|>2 become half of oscillation frequency. 


V1,V2, 


4 


Liquid crystal display driver level power supply. 


V5,V6 




V1 and V2: Selected level 
V5 and V6: Non-selected level 


V cc 
GND 


3 


Power supply. 




V cc -GND:Power supply for internal logic 
V CC -V EE : Power supply for driver circuit logic 
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Block Functions 

Oscillator 

The oscillator is a CR oscillator attached to an 
oscillation resistor Rf ans osckllation capacity Cf. 
The oscillation frequency varies with the values of Rf 
and Cf and the mounting conditions. Refer to Electrical 
Characteristics (Note 1 0) to make proper adjustment. 

Timing Genaration Circuit 

The timing generation circuit divides the signals from 
the oscillator and generates display timing signals (M, 
CL, and FRM) and operating clock ((|>1 and <|>2) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block stops 
operating. It is meaningless to set FS, DS1 to DS3. 
However, connect them to to prevent floating 
current. 



Bidirectional Shift Register 

20-bit bidirectional shift register. The shift direction 
is determined by SHL. The data input from DL or DR 
performs a shift operation at the rise of shift clock CL. 

Liquid Crystal Display Driver Circuit 

Each of 20 driver circuits is a multiplex circuit 
composed of four CMOS switches. The combination 
of the data from the shift register with M signal allows 
one of the four liquid crystal display driver levels V 1 , 
V2, V5, and V6 to be transferred to the output terminals. 



Applications 

Refer to the applications of the HD44102CH. 
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HD441 05H 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD44105H is a common signal driver for 
LCD dot matrix graphic display systems. It 
generates the timing signals required for display 
with its internal oscillator and supplies them to the 
column driver (HD44102H) to control display, also 
automatically scanning the common signals of the 
liquid crystal according to the display duty cycle. 
It can select 7 types of display duty cycle 1/8, 1/12, 
1/16, 1/24,1/32, 1/48, and 1/64. It provides 32 
driver output lines and the impedance is low (1 k£l 
max) enough to drive a large screen. 



Features 

Dot matrix graphic display common driver 
including the timing generation circuit 
Internal oscillator (Oscillation frequency is 
selectable by attaching an oscillation resistor 
and an oscillation capacitor) 
Generates display timing signals 
32-bit bidirectional shift register for generating 
common signals 

32 liquid crystal driver circuits with low 
impedance 

Selectable display duty ratio: 1/8, 1/12, 1/16, 
1/24, 1/32, 1/48, 1/64 
Low power dissipation 
Power supplies: Vcc = +5 V ± 10% 
V EE = 0to-5.5V 

CMOS process 
60-pin flat plastic package 



Absolute Maximum Rating (Ta =25°C) 



Item 


Symbol 


Ratings 


Unit 


Note 


Supply voltage (1) 


Vcc 


-0.3 to +7.0 


V 


1 


Supply voltage (2) 


Vee 


Vcc -13.5 to V C c +0-3 


V 




Terminal voltage (1) 


Vti 


-0.3 to V C c +0-3 


V 


1,2 


Terminal voltage (2) 


V T 2 


V EE -0.3to V cc +0.3 


V 


3 


Operating temperature 


Topr 


-20 to +75 


°C 




Storage temperature 


Tstg 


-55 to +125 


°C 





Notes: 1. Referred to GND « V. 

2. Applied to input terminals (except for V1 , V2, V5, and V6) and I/O common terminals. 

3. Applied to terminals V1 , V2, V5, and V6. Connect a protection resistor of 47 Q ± 1 0% to each 
terminal in series. 
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Pin Arrangement 



O CM 
00 O) <r- f- r- 

X X X X X 



p) ^ 10 (O N oo 

«t— T"» V- 

X X X X X X 



/ 

r 


54 | X19 


Y7 1 a 
Af | 




Yfi 1 7 
AO | / 


52 | X21 


AO 1 8 


c« I yoo 

O 1 | /\c.c 


X4 | 9 


CA 1 YOQ 
OU | A£0 


AO 1 10 


1 VO4 




) A<tO 


Al 1 12 




dl RaT 


46] X27 


gndQT 


451 X28 


fsi [is] 


441 X29 


fs2 0?; 


43] X30 


dsi Q7 


421 X31 


DS2 QF 


4?! X32 


DS3 [IF 


40] V6 


[sir 


391 V5 


R OF 


38] V2 


OR [22" 


37] V1 


STB [23" 


36] Vee 



3 8 8 K 8 8 



CO 



o 
z 



O -J 
2 O 



Note: 



(Top View) 



NCs show unused terminals. 
Don't connect any lines to 
them in using this LSI. 
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v C c- 

GND- 

v E e- 



DL- 



SHL- 



V1V2V5V6 



32 output terminals 
X1 X2 — X30 X31 X32 



Logic 



Oscillator 



STB 



R f C f 



H-4 







Liquid crystal display 












driver circuits 









Bidirectional shift 
register 



30 



31 



32 



Timing generation circuit 



DS 2 

M/S FS1 FS2 DSi DS3 01 <>2 



Logic - 



Logic 



HD44105H 



Electrical Characteristics (Note 4) 

(Vcc = +5 V ± 10%, GND = V, Vee = to -5.5 V, Ta = -20 to +75°C) 



Item 


Symbol Min 


Typ 


max 


Unit 


iesi won a ii ion 




Input high voltage 


VlH 
in 


0.7 x Vcc 




Vcc 


V 




O 


Input low voltage 









0.3 X Vcc 


V 




5 


— 7 

Output high voltage 


VOH 


Vcc -0.4 






V 


Iqh * -400 pA 


6 


Output low voltage 


Vol 







0.4 


V 


Iol-400mA 


6 


Vi-Xj On resistance 


Ron 


-z 


— 


1000 


Q 


V EE «-5V±10%, 
Load current 
±15 ^A 




Input leakage current (1) 


In < 

■IL1 


— 1 




1 


\iA 


V|N ■ Vcc *° GND 


7 


Input leakage current (2) 


In o 

■IL2 


— © 




5 


VA 


V|n * Vcc to Vee 


8 


Shift frequency 


F SFT 






50 


kHz 


In slave mode 


9 


Oscillation frequency 


fosc 


300 


430 


560 


kHz 


Rf«68kft±2%, 
Cf«10pF±5% 


10 


External clock operating 
frequency 


fcp 


50 


— 


560 


kHz 




11 


External clock duty cycle 


Duty 


45 


50 


55 


% 




11 


External clock rise time 


*rcp 






50 


ns 




11 


External clock fall time 


tfcp 






50 


ns 




11 


Dissipation power 
(Master) 


P W1 






4.4 


mW 


CR oscillation, 
430 kHz 


12 


Dissipation power 
(Slave) 


P W2 






1.1 


mW 


Frame 70 kHz 


13 



Notes: 4. Specified within this range unless otherwise noted. 

5. Applied to CR, FS1 , FS2, DS1 to DS3, M, SHL, M/S, CL, DR, DL, 

6. Applied to DL, DR, M, FRM, CL, $1 , and <|>2. 

7. Applied to input terminals CR, FS1 , FS2, DS1 to DS3, SHL, M/S, 
terminals DL, DR, M, and CL at high impedance. 

8. Applied to V1,V2,V5, and V6. 

9. Shift operation timing. 



and STB. 

and STB and I/O common 



DL DR 




CL 



0.7Vccf— 1 





Min 


Typ Max 


Unit 


tsu 


5 




MS 


tH 


5 




MS 


tr 




100 


ns 


tf 




100 


ns 
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HD44105H 



Notes: 1 0. Relation between oscillation frequency and Rf , Cf . 



Connection 




The values of Rf and Cf are typical 
values. The oscillation frequency 
varies with the mounting condition. 
Adjust oscillation frequency to a 
required value. 





open 
open 

External clock - 



1 2. Measured by Vcc terminal at output non-bad of Rf - 68 kfl ± 2% and Cf » 1 pF ± 5%, and 1/32 
duty cycle in the master mode. 

Input terminals are connected to Vcc or GND. 

13. Measured by Vcc terminal at output non-bad, 1/32 duty cycle, and frame frequency of 70 Hz 
in the slave mode. 

Input terminals are connected to Vcc or GND. 



C 
R 

CR 
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Pin Description 

Pin Name Pin Number I/O Function 



X1-X32 



32 



Liquid crystal display driver output. 

Relation among output level, M, and data (D) in shift register. 



M j 
D J 

Output level 



1 



1 

V2 



rr~L 



V6 



1 
V1 



CR.R.C 



Oscillator. 



Rf a 



R CR C 



CR Oscillator 



M 


1 


I/O 


Signal for converting liquid crystal display driver signal into AC. 

Master: Output terminal 
Slave: Input terminal 


CL 


1 


I/O 


Shift register shift clock. 

Master: Output terminal 
Slave: Input terminal 


FRM 


1 


O 


Frame signal, Display synchronous signal. 


DS1-0S3 


3 


I 


Display duty ratio select. 



Display Duty 



Ratio 


1/8 


1/16 


1/32 


1/64 




1/12 


1/24 


1/48 


DS1 


L 


L 


H 


H 


L 


L 


H 


H 


DS2 


L 


H 


L 


H 


L 


H 


L 


H 


DS3 


L 


L 


L 


L 


H 


H 


H 


H 



FS1-FS2 2 



Selects frequency. 

The relation between the frame frequency fFRM and the oscillation 
frequency fosc is as follows: 



FS1 


FS2 


fosc(kHz) 


fFRM(Hz) 


fM(Hz) 


fcp(kHz) 


L 


L 


107.5 


70 


35 


53.8 


H 


L 


107.5 


70 


35 


53.8 


L 


H 


215.0 


70 


35 


107.5 


H 


H 


430.0 


70 


35 


215.0 



fosc: Oscillation frequency 

fFRM: Frame frequency 

fM- M signal frequency 

fcp: Frequencies of <t>1 and <J>2 
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HD44105H 



Pin Description (cont) 



Pin Name 


Pin Number 


I/O 


Function 


5TB 


1 


I 


Input terminal for testing. 
Connect this terminal to Vcc 


DL.DR 


2 


I/O 


Data I/O terminals of bidirectional shift register. 


SHL 


1 


I 


Selects shift direction of bidirectional shift register. 
SHL Shift Direction 

H DL-»DR 

L DL*-DR 


M/S 


1 


I 


Selects Master/Slave. 



M/S m High: Master mode 

The oscillator and timing generation circuit operate to supply 
display timing signals to the display system. Each of I/O common 
terminals, DL, DR, M, and CL is in the output state. 

M/S ■ Low: Slave mode 

The timing generation circuit stop operating. The oscillator is not 
required. Connect terminal CR to Vcc. Open terminals C and R. 
One (determined by SHL) of DL and DR, and terminals M and CL 
are in the input state. Connect M, CL and one of DL and DR of the 
masterto the respective terminals. Connect FS1, FS2, DS1, DS2, 
DS3, STB to Vcc When display duty ratio is 1/8, 1/12, 1/16, 1/24, 
1/32, one HD44105H is required. Use it in the master mode. When 
display duty ratio is 1/48, 1/64, two HD44105Hs are required. Use 
one in the master mode to drive common signals 1 to 32, and 
another in the slave mode to drive common signals 33 to 48(64). 



<t>1,4>2 


2 


O Operating clock output terminals for HD441 02CH. The frequencies of 
<|>1 and <}>2 are half of oscillation frequency. 


V1.V2, 
V5, V6 


4 


Liquid crystal display driver level power supply. 

V1 and V2: Selected level 
V5 and V6: Non-selected level 


Vcc,GND 
V E E 


3 


Power supply. 

Vcc-GND: Power supply for internal logic 
Vcc - VEE: Power supply for driver circuit logic 
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Block Functions 
Oscillator 

A CR oscillator attached to an oscillation resistor 
Rf and an oscillation capacitor Cf . The oscillation 
frequency v aries with the values of Rf and Cf and 
the mounting conditions. Refer to electrical 
characteristics (note 10) to make proper adjustment. 

Timing Generation Circuit 

This circuit divides the signals from the oscillator 
and generates display timing signals (M, CL, and 
FRM) and operating clock ($1 and <|>2) for 
HD44102CH according to the display duty ratio set 
by DS1 to DS3. In the slave mode, this block 
stops operating. It is meaningless to set FS1, FS2 
and DS1 to DS3. However, connect them to Vcc 
to prevent floating current. 



Bidirectional Shift Register 

A 32-bit bidirectional shift register. The shift 
direction is determined by the SHL. The data input 
from DL or DR performs a shift operation at the 
rise of shift clock CL. 

Liquid Crystal Display Driver Circuit 

Each of 32 driver circuits is a multiplex circuit 
composed of four CMOS switches. The 
combination of the data from the shift register with 
the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5, and V6 to be 
transferred to the output terminals. 
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(10 pF) (68kft) 




\ VSAr^VI 

:(20fl) 
V E E 



CS5 o- 



HD61100A 

(LCD Driver with 80-Channel Output) 



Description 

The HD61100A is a driver LSI for liquid crystal 
display systems. It receives serial display data from 
a display control LSI, HD61830, etc., and generates 
liquid crystal driving signals. 

It has liquid crystal driving outputs which 
correspond to internal 80-bit flip/flops. Both static 
drive and dynamic drive are possible according to 
the combination of transfer clock frequency and 
latch clock frequency. 



Features 

• Liquid crystal display driver with serial/parallel 
conversion function 

• Internal liquid crystal display driven 80 drivers 

• Display duty cycle 

Any duty cycle is selectable according to 
combination of transfer clock and latch clock 

• Data transfer rate: 2.5 MHz max. 

• Power supply 

V C c: +5 V ± 10% (Internal logic) 
Vee* to -1.5 V ( Liquid crystal display 
driver circuit) 

• Liquid crystal driving level: 17.0 V max. 

• CMOS process 

• 100-pin flat plastic package (FP-100) 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1) 


Vcc 


- 0.3 to +7.0 


V 


2 


Supply voltage (2) 


Vee 


Vcc -19.0 to Vcc +0.3 


V 




Terminal voltage (1) 


Vn 


-0.3 to Vcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


Vee -0.3 to Vcc + 0.3 


V 


4 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





Notes: 1 . LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In ordinary 
operation, it is desirable to use them within the limits of electrical characteristics, because 
using it beyond these Conditions may cause malfunction and poor reliability. 

2. All voltage values are referred to GND « V. 

3. Applies to input terminals, FCS, SHL, CL1 , CL2, DL, DR, E, and M. 

4. Applies to Vn, Vi r, V2L, V2R, V3L, V3R, V4L and V4R. Must maintain: 

VCC > VlL » VlR > V 3 L - V 3 R > V4L - V 4 R > V 2 L - V 2 R > VeE- 

Connect a protection resistor of 15 ft ± .1 0% to each terminals in series. 
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HD61100A 



Pin Arrangement 



Y30| 
Y29| 
Y28| 
Y27[ 
Y26[ 
Y25[ 
Y24[ 
Y23[ 
Y22[ 
Y21[ 
Y20[ 
Y19[ 
Y18[ 
Y17[ 
Y16[ 
Y15[ 
Y14[ 
Y13[ 
Y12[ 
Y11| 
Y10[ 
Y9 | 
Y8 | 
Y7 | 
Y6 | 
Y5 | 
Y4 | 
Y3 ] 
Y2 | 
Y1 



JY51 
]Y52 
]Y53 
]Y54 
]Y55 
]Y56 
]Y57 
]Y58 
]Y59 
]Y60 
]Y61 
)Y62 
]Y63 
]Y64 
]Y65 
]Y66 
]Y67 
]Y68 
]Y69 
]Y70 
]Y71 
]Y72 
]Y73 
]Y74 
|Y75 
lY76 
]Y77 
|Y78 
|Y79 
|Y80 



> > >^>^> O O LL CO O O Q|UJ S| 



o oc oc rr oc 
>°>^> w > 



(Top view) 
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HD61100A 



Electrical Characteristics 

DO Characteristics 

(Vcc - 5 V ± 10%, GND = V, V EE = to -11.5 V, Ta = -20 to +75°C) 



Item Symbol Min Typ Max Unit Test Condition Note 



inpui nign vonage 


V|H 


U. / x VCC — "" 


vcc 


V 




4 

1 


input low voiiage 


VIL 




U.O X VCC 


w 
V 




1 


Output high voltage 


VOH 


Vcc -0.4 — 




V 


Ioh»-400uA 


2 


Output low voltage 


Vol 




0.4 


V 


Iol * +400 uA 


2 


Driver resistance 


Ron 




7.5 


ka 


Vee--10V, 
Load current - 
100 \iA 


3 


Input leakage current 


■lL1 


-1 — 


+1 


ma 


Vin « to Vcc 


1 


Input leakage current 


l|L2 


-2 — 


+2 


uA 


V|N- VEEtoVcC 


4 


Dissipation current (1) 


Ignd 




1.0 


mA 




5 


Dissipation current (2) 


Iee 




0.1 


mA 




5 



Notes: 1 . Applies to CL1 , CL2, FCS, SHL, E, M, DL, and DR. 

2. Applies to DL, DR, and CAR. 

3. Applies to Y1—Y80. 

4. Applies to Vi l, Vi r, V2L, V2R, V 3 |_, V3R, V 4 l, and V 4 r. 

5. Specified when display data is transferred under following conditions: 

CL2 frequency fcP2 - 2.5 MHz (data transfer rate) 
CL1 frequency fepi ■ 4.48 kHz (data latch frequency) 
M frequency fM * 30 Hz (frame frequency/2) 

Specified when Vih - Vcc, Vi * GND and no load on outputs. 

Ignd: currents between Vcc and GND. 

Iee: currents between Vcc and Vee- 
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HD61100A 



AC Characteristics 



(▼cc = 5 V ± 10%. GND 


= V, V EE = 


to - 


11.5 V, 


Ta = -20 to +75 C) 


Item 


Symbol 


Min 


Typ 


Max 


Unit Test Condition Note 


Clock cycle time 


tCYC 


400 


— 


— 


ns 


Clock high level width 


tCWH 


150 


— 


— 


ns 


Clock low level width 


tCWL 


150 


— 


— 


ns 


Clock setup time 


tSCL 


100 


— 


— 


ns 


Clock hold time 


tHCL 


100 


— 


— 


ns 


Clock rise/fall time 


tct 


_ 


— 


30 


ns 


Clock phase different time 


tCL 


100 


— 


— 


ns 


Data setup time 


tDSU 


80 






ns 


Data hold time 


tDH 


100 * 






ns 


E setup time 


tESU 


200 






ns 


Output delay time 


tDCAR 






300 


ns 1 


M phase difference time 


tCM 






300 


ns 


Note: 1 . The following load circuits are connected for specification: 



tct tct 

tCWH 



test point o- 



CL1 ■ 
CL2 



DL(DR) 



x 



CL1 



CL2 



Vih 



Vil 



J\J$IA. JAF 



l 







3 


Vih 






r V, L 






■^tHCL »|« 


trYC 





30 pF 



*— to. -H H~tsCL H~tHCL "•+■ t CY c H 

J h / tpsuV^ / V 

^-tcWH-^1 **-tcWL h - r* tpH +• 

tct td 

>^ _JCZ 



CAR ^a^Voh" 
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V1LV2LV3LV4L Y1Y2 



Y80 V 1R V 2R V 3R V4R 



Liquid crystal display 
driver circuit 



3 



77 



78 



79 



80 



Latch circuit 2 
80 bits 



80 



77 78 



79 



80 



1 ! 2 ! 3 i 4 
i t 



S/P 



3E 



— i — i — r— 
S j 6 | 7 i 8 
— l 



3E 



01 



Latch circuit 1 
4 bit x 20 



77j78«79i80 



TV 



02 



Selector 



-Test input 



s r' — 



020 



20 



Counter 



-Control circuit 



HD61100A 



Block Function 

Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, VI, V2, V3 ?nd V4 to be output. 

80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 

S/P 

Serial/Parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is "L" level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR which is in the 
output status. 

When SHL is "H" level, input data from terminal 
DR without connecting any lines to terminal DL. 

80-bit Latch Circuit 1 

The 4-bit data is latched at 4>1 to $20 and output to 
latch circuit 2. When SHL is "L" level, the data 
from DL are latched one in order of l->2->3 ... 
80 of each latch. When SHL is "H" level, they are 
latched in a reverse order (80-»79->78 ... -»1). 



Selector 

The selector decodes output signals from the 
counter and generates latch clock $1 to $20. Wher 
the LSI is not active, $1 to $20 are not generated, 
so the data at latch circuit 1 is stored even if input 
data (DL, DR) changes. 

Control Circuit 

Controls operation: When E— F/F (enable F/F) 
indicates "1", S/P conversion is started by 
inputting "L" level t o E. After 80-bit data has been 
all converted, CAR output turns into "L" level and 
E— F/F is reset to "0", and consequently the 
conversion stops. E— F/F is RS flip-flop circuit 
which gives priority to SET over RESET and is set 
at'TTlevelofCLl. 

Counter consists of 7 bits, and the output si gnals 
of upper 5 bits are transferred to the selector. CAR 
signal turns into "H" level at the rise of CL1 and 
the number of bit which can be S/P-converted 
increases by connecting CAR terminal with E 
terminal of the next HD61 100A. 
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HD61100A 



Terminal Functions Description 



Terminal 
Name 



Number of 
Terminals 



I/O 



Connected 
to 



Functions 



Vcc 
GND 
Vee 



Power Vcc - GND: Power supply for internal logic 
supply Vcc _ Vee . p ower SU pp|y for LCD drive circuit 



V1L-V4L 
V1R-V4R 



Power Power supply for liquid crystal drive, 
supply V1L (VlR)f V2L (V2R ). selection level 

V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with Vil and Vir (V2L & V2R, 
Vsl & V3R, V4L & V4R) should have the same voltages. 



Y1— Y80 80 



LCD Liquid crystal driver outputs. 

Selects one of the 4 levels, V1 , V2, V3, and V4. 

Relation among output level, M and display data (D) is as 
follows: 



d _J7]_o]T|_oJ~~ 



Output 
level 



V1 V3 V2 V4 



M 1 I Controller Switch signal to convert liquid crystal drive waveform into 

AC. 



CL1 


1 


I Controller Latch clock of display data (fall edge trigger). 

Liquid crystal driver signals corresponding to the display 
data are output synchronized with the fall of CL1 . 


CL2 


1 


I Controller Shift clock of display data (D). 
Falling edge trigger. 



DL, DR 2 I/O Controller Input of serial display data (D). 

Liquid Crystal Liquid Crystal 



(D) 


Driver Output 


Display 


1 (High) 


Selection level 


On 


(Low) 


Non-selection level 


Off 



I/O status of DL and DR terminals depends on SHL input 
level. 



SHL 


DL 


DR 


High 


O 


1 


Low 


I 
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HD61100A 



Terminal Functions Description (cont) 
Terminal Number of Connected 

Name Terminals I/O to Functions 

SHL 1 I VccorGND Selects a shift direction of serial data. 

When the serial data (D) is input in order of D1 -* ... -» D80 
the relations between the data (D) and output Y are as 
follows. 



SHL 


Y1 


Y2 


Y3 


Y80 


Low 


D1 


D2 


D3 


D80 


High 


D80 


D79 


D78 


D1 



When SHL is low, data is input from the terminal DL. No 
lines should be connected to the terminal DR, as it is in the 
output state. 

When SHL is high, the relation between DL and DR 
reverses. 



E 


1 


I GND or the 
terminal 
CAE of the 
HD61100A 


Controls the S/P conversion. 

The operation stops when E is high, and the S/P 
conversion starts when E is tow. 


GAR 


1 


O Input _ 
terminal E 
of the 
HD61100A 


Used for cascade connection with the HD61 1 00A to 
increase the number of bits which can be S/P converted. 


FCS 


1 


I GND 


Input terminal for test. 
Connect to GND. 



Operation of the HD61100A 

The following describes an LCD panel with 64 x example of liquid crystal display and connection to 

240 dots on which characters are displayed with HD61100A*s. Figure 2 is a time chart of 

1/64 duty cycle dynamic drive. Figure 1 is an HD61100A I/O signals. 
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HD61100A 



COM1- 
COM2- 
COM3- 



COM63- 
COM64- 



1, 
1 


1, 
2 




1. 

80 


1. 
81 


1. 

82 




1. 

160 


1. 

161 




1, 

240 


2, 
1 


2. 
2 




2, 
80 


2, 
81 


2, 
82 




2, 

160 


2, 
161 




2, 

240 


3, 
1 


CO CM 





3, 
80 














3, 

240 








L 


CD-P/ 


UMEL 


(64 *240Dc 


>ts) 








63, 
1 


63, 
2 




63, 
80 














63, 
240 


64, 
1 


64, 
2 




64, 
80 


64, 
81 


64, 
82 




64, 
160 






64, 
240 



M O 
CL1 O- 
CL2 
DATEO 



Y1 Y2 



Y80 



HD61100A (No. 1) 
llU CO U- 2 O O Q O|0 



z 

UJ 
CL 
O 



Y1 Y2 



Y80 



HD61100A (No. 2) 
illl 00 U. 2 O O Q 0|0 



z 

UJ 

a. 

O 



Y1 



Y80 



HD61100A (No. 3) 

-J CO t- CM |C£ 

I O ^ J J J oc < 
ILUWIlSOOQQO 



TT 



UJ UJ 
Q_ Q- 

o o 



Cascade three HD61 1 0OAs. Input data to the terminal DL of N o. 1, N o 2, and 
No. 3. Connect E of No. 1 to GND. Don't connect any lines to CAR of No. 3. 
Connect common signal terminals (COM1-COM64) to X1-X64 of common driver 
HD61 103A. (m,n) in LCD panel is the address corresponding to each dot. 



Figure 1 LCD driver with 64 x 240 dots 
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3 



3 ± 



o 

CD 



HQ 

c 



33 
© 

ON 
H* 
>-* 

o 
o 

| 
3" 

UQ 

o 
ST 



oo 

CO 



M f~ 



CL2 TjTJTJTn---JTJlJTJ^^ 
DL ZDIGZXlDG2XI -OC5D€23£z2^^ — !XS®0®43lCZ 

CAR(No.1), TjE(No.2) I j 

CAR(No. 2) _i jE(No.3) j I 

CAR(No. 3) Jl | 



Y1-Y80 ZjC 



M 

CL1 Jl 



1- 



— ^ 



Y1-Y80 "X 




uuuuuiruui — 


jinnnniui — 


— uuuih. 

isasdr 

i 


* 




lr" 



1 Frame 



M _| 

CL1 • 



I I I » I 



I I I I I 



I I I I 



I I 



Y1(No.1) jisiy^xD^XE 

Y2(No. 1) 



Y80(No. 1) 
Y80(No. 3) 



- — Z)©«[^ 

ID©€3€3€3€3CXDCXDC 

D©€B€3©€BCXIXD(Z>C 



ZDCXDCXDCXDO 
ZXDCDOOCXDC 

IXDCDCIXDCDCXZ 

IDOOOOCXDC 



Timing chart for the example of connection in figure 1 . 

DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 



Timing 

chart 

of 

horizontal 
direction 



Timing 

chart 

of 

vertical 
direction 



Timing 

chart 

of 

liquid 

crystal 

display 

driver 

output 
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Application Examples 

An Example of 128 x 240 Dot Liquid Crystal Display (1/64 Duty Cycle) 



DATE (1)0- 
Mo- 
CL10- 
CL2o- 

DATE (2) O- 



240 dots 



Y1 Y80 

HD61100A No. 1 

kqijlSooq qIo 



rir 



^Y1 • Y80 

HD61100A No. 2 

lUiStLSOOQ QIC 



HI 



I 



"tt a 33*sg 

HD61100A No. 4 



Y1 — Y80 

HD61100A No. 3 

KOU.2QOQ QlO 



JUT 



HD61100A No. 5 



Y80- 



T 
iil 



2*33«*sg 

HD61100A No. 6 



Y80- 



Figure 3 128 x 240 Dot Liquid Crystal Display 



The liquid crystal panel (figure 3) is divided into 
upper and lower parts. These two parts are driven 
separately. HD61100As No. 1 to No. 3 drive the 
upper half. Serial data, which are input from the 
DATA(l) terminal, appear at Y x -* Y 2 -* - Y 8 o 
terminal of No. 1, then at Yi -> Y 2 Ygo of 
No. 2 and then at Yi -> Y 2 Y 8 o of No. 3 in 
the order in which they were input (in the case of 
SHL = low). HD61 lOOAs No. 4 to No. 6 drive the 



lower half. Serial data, which are input from the 
DATA(2) terminal, appear at Y 8 o -* Y 79 -> - Yi 
of No. 4, then at Ygo -» Y79 -> - Yi of No. 5 and 
then Ygo -* . Y79 -» ~ Y\ of No. 6 in the order in 
which they were input (in the case of SHL = high). 
As shown in this example, PC board for display 
divided into upper and lower half can be easily 
designed by using SHL terminal effectively. 
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Example of 64 x 150 Dot Liquid Crystal Display (1/64 Duty Cycle, SHL = Low) 



•150 dots 



Liquid crystal display panel 



Y1 - ^ ' Y80 

HD61100A No. 1 



64 dots 



Y1 — ^ Y70 

HD61100A No. 2 



Figure 4 64 x 150 Dot Liquid Crystal Display 



4-bit parallel process is used in this LSI to lessen the power dissipation. 

Thus, the sum of the dots in horizontal direction should be multiple of 4. 

If not, as this example (figure 4), consideration is needed for input signals (figure 5). 



CL1 



ji 



DATE 



DOGXi 



-Effective data- 



\ Dummy 
data 



Figure 5 Input Dots, 150 Horizontal Dots 

As the sum of dots in lateral direction is 150, 2 more dummy data bits are transferred (152 = 4 x 38). 
Dummy data, which is output from Y71 and Y72 of No. 2, can be either or 1 because these terminals do 
not connect with the liquid crystal display panel. 
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HD61 1 02— 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

HD61102 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro-controller in internal display RAM and 
generates dot matrix liquid crystal driving signals. 

Each data bit of display RAM corresponds to the 
on/off state of a dot of the liquid crystal display. 

As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
displays with many dots. 

The HD61102, which is produced by the CMOS 
process, can complete a portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 

Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61103A. 



Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

• RAM data direct display by internal display 
RAM 

RAM bit data 1: On 
RAM bit data 0: Off 

• Internal display RAM address counter: 

Preset, increment 

• Display RAM capacity: 512 bytes (4096 bits) 

• 8-bit parallel interface 

• Internal liquid crystal display driver circuit: 64 

• Display duty: 

Combination of frame control signal and 
data latch synchronization signal make it 
possible to select static or optional duty 
cycle 

• Wide range of instruction function: 

Display Data Read/Write, Display On/Off, 
Set Address, Set Display Start Line, 
Read Status 

• Lower power dissipation: during display 2mW 
max 

• Power supply: Vcc- +5 V ± 10% 

V EE :0Vto-10V 

• Liquid crystal display driving level: 15.5 V 
max 

• CMOS process 

• 100-pin flat plastic package (FP- 100) 
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Pin Arrangement 



Li. UJ Q Q O Q I 



CM CO 

88 



oi> o £ £ £ 3 2 3 

Z|Q r Q Q Q Q q a 



ADC 
M 

Vcc 
V4R 
V3R 
V2R 
V1R 

V EE2 

Y64 

Y63 

Y62 

Y61 

Y60 

Y59 

Y58 

Y57 

Y56 

Y55 

Y54 

Y53 

Y52 

Y51 

Y50 

Y49 

Y48 

Y47 

Y46 

Y45 

Y44 

Y43 



]DB1 

iDBO 

]GND 

]V4L 

]V3L 

]V2L 

]V1L 

]V E E1 

]Y1 
]Y2 
]Y3 
]Y4 
]Y5 
]Y6 
]Y7 
]Y8 
]Y9 
]Y10 
]Y11 
]Y12 
]Y13 
]Y14 
]Y15 
]Y16 
]Y17 
]Y18 
]Y19 
]Y20 
]Y21 
Y22 



"lii 



cvjT-oo>oos(ou>icoeviT-oo>aN<ou)^eo 
>->>->->->•>->->■>•>->->->->->->->">->- 



(Top view) 
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Absolute Maximum Ratings 



item 


Symbol 


Value 


Unit 


Note 


Supply voltage 


v cc 


-0.3 to +7.0 


V 


2 




Vee 


V cc - 16.5 to Vcc + 0.3 


V 


3 


Terminal voltage (1) 


Vti 


Vee -0.3 to Vcc + 0.3 


V 


4 


Terminal voltage (2) 


V T2 


-0.3 to V<x +0.3 


V 


2,5 


Operating temperature 


Topr 


-20to+75 


°c 




Storage temperature 


Tstg 


-55 to +125 


°c 





LSIs may be destroyed if they are used beyond the absolute maximum ratings. 
In ordinary operation, it is desirable to use them within the recommended operating conditions. 
Use beyond these conditions may cause malfunction and poor reliability. 
All voltage values are referenced to GND « V. 
Apply the same supply voltage to V^ei and VgE2- 
Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 
Maintain 

Vcc ^ V1L - V1R > V3L - V3R £ V4L « V4R > V2L - V2R > Vee 
Applies to M, FRM, CL, RST, ADC, $1 , $2, CS1 , CS2, CS3, E, R/W, D/l, ADC, and DB0-DB7. 



Notes: 1 . 
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Electrical Characteristics 

(GND = V, V C c = 4.5 to 5.5 V, V E e = to -10V, Ta = -20 to +75°C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


Note 


iiipui iiiy II vuiidyo 


V IHC 


u. / x vcc 




v cc 


w 

V 




i 




VlHT 


2.0 


— 


Vcc 


V 




2 


Input low voltage 


VlLC 







0.3 x V CC 


V 




1 




VlLT 







0.8 


V 




2 


Output high voltage 


Voh 


2.4 







V 


IOH«-205uA 


3 


Output low voltage 


Vql 








0.4 


V 


IOL-1.6 mA 


3 


Input leakage current 


IlL 


-1.0 




+1.0 


uA 


Vin-GND-Vcc 


4 


High impedance off 
input current 


■tsl 


-5.0 




+5.0 


uA 


Vin-GND-Vcc 


5 


Liquid crystal supply 
leakage current 


■lsl 


-2.0 




+2.0 


uA 


Vin«V EE -Vcc 


6 


Driver on resistance 


Ron 






7.5 


KQ 


Vcc- V EE -15V 
±l|_OAD * 0-1 


7 


Dissipation current 


'CC(1) 






100 


uA 


During display 


8 




•cC(2) 






500 


uA 


During Access 


8 



access cycle = 
1 MHz 



Applies to M, FRM, CL, RST, ADC, <j>1 , and <|>2. 

Applies to CS1 , CS2, CS3, E, R/W, D/l, and DB0-DB7. 

Applies to DB0-DB7. 

Applies to terminals except for DB0-DB7. 

Applies to DB0-DB7 at high impedance. 

Applies to V1 L-V4L and V1 R-V4R. 

Applies to Y1-Y64. 

Specified when liquid crystal display is in 1/64 duty. 

Operation frequency: fcLK ■ 250 kHz (4>1 and ^ frequency) 

Frame frequency: f^ « 70 Hz (FRM frequency) 

Specified in the state of 

Output terminal: Not loaded 

Input level: Vih - Vcc (V) 
V| L -GND(V) 
Measured at Vcc terminal 



Notes: 1 . 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
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Interface AC Characteristics 
MPU Interface 



(GND = V, V CC 


= 4.5 to 5.5 V, 


Vee = 


to -10 V, 


Ta = - 


20 to +75°C) 




Item 


SvmhAl 

wj III Wl 


Min 
mill 


T«n 
i yp 


Max 


Unit 


Note 


G. v*yvio III Ho 


tcYC 


I uuu 






ne 
119 


1 9 


P hinh IavaI uuiHth 
E- iliyil loVol wiuiil 


PwEH 








119 


1 9 


P lr>\A/ lA/iHth 

l_ IUW IBVOI WIUlll 


PwEL 








ne 


1 9 


P riea tima 

C. MOO lllllO 


tr 






9*5 


ne 

119 


1 9 
• » *• 


E fall time 


tf 






25 


ns 


1. 2 


Address setup time 


Us 


140 






ns 


1,2 


Address hold time 


Uh 


10 






ns 


1.2 


Data setup time 


*dsw 


200 






ns 


1 


Data delay time 


*DDR 






320 


ns 


2,3 


Data hold time (Write) 


*DHW 


10 






ns 


1 


Data hold time (Read) 


feHR 


20 






ns 


2 



Notes: 1 . 



2J 
0. 



h .< 



-tcYC- 



r/w 

CS1-CS3 
D/l 

DB0-DB7 



2.0 V 
0.8 V 



2.0 
0.8 



3t 



-PWEH h 



tAH- 



2.0 V 



0.8 V 



< 



-tosw- 



r 
r 



Figure 1 CPU Write Timing 
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2. 



1 



R/W 



CS1-CS3 
D/l 

DB0-DB7 



-PWEL- 



tcYC- 



2.0 V 



0.8 V/ 



2.0V\j- 
0.8 V A 



-PWEH- 



tAH- 
tAH- 



-^DDR H 

2.4 V / 
0.4 V \ 



Figure 2 CPU Read Timing 



3. DB0-DB7: load circuit 



r 



*DHR 



Test 
point 




RL-2.4kQ 
R -11 kft 

C * 1 30 pF (including jig capacitance) 
Diodes D1 to D4 are all IS2074 © . 



rtr 
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Clock Timing 
(GND = V, V CC = 


4.5 to 5.5 V, V EE 


= to - 


10V, Ta = 


-20 to +75°C) 








Lliflll 








It a m 

IIO III 


Symbol 


Mln 


Tun 

1 yp 


Max 


Unit 


Test Condition 


d>1 <b2 cvcle time 


tcyc 


2.5 




20 


\LS 


Fig. 3 


(b1 low level width 

Y ■ IV/ fw IvWI ft l\J ill 


twi.41 


625 






ns 


Fig. 3 


42 low level width 


tWL42 


625 






ns 


Fig. 3 


61 hiah level width 

™ ■ ■ •■if 1 1 lv V %0 1 ft IV* U 1 


twH+l 


1875 






ns 


Fig. 3 


42 high level width 


twH42 


1875 






ns 


Fig. 3 


41-42 phase difference 


tDl2 


625 






ns 


Fig. 3 


42-41 phase difference 


tD21 


625 






ns 


Fig. 3 


41 , 42 rise time 


tr 






150 


ns 


Fig. 3 


41, 42 fall time 


tf 






150 


ns 


Fig. 3 



Figure 3 External Clock Waveform 
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Display Control Timing 

(GND = V, V C c = 4.5 to 5.5 V, V EE = to -10V, Ta = -20 to +75°C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


FRM delay time 


tDFRM 


-2 




+2 


US 


Fig. 4 


M delay time 


*DM 


-2 




+2 


\LS 


Fig. 4 


CL tow level width 


tWLCL 


35 






\iS 


Fig. 4 


CL high level width 


tWHCL 


35 






\LS 


Fig. 4 




Figure 4 Display Control Signal Waveform 
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Block Diagram 



CO 

CD CO 



CM 

CO _ 

> > > 



DC 0C CC DC 
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Terminal Functions 

Terminal Number of Connected 

Name Terminals I/O to Functions 



Vqc 2 Power Power supply for internal logic. 



GND supply 



Recommended voltage is 

GND-OV 
Vcc- + 5V±10% 



V EE1 2 Power Power supply for liquid crystal display drive circuit. 

V EE2 supply Recommended power supply voltage is Vcc -1 5 to GND. 

Connect the same power supply to and V EE2 . 

V EE1 and V EE2 are not connected to each other in the LSI. 
V1 L, V1 R 8 Power Power supply for liquid crystal display drive. 

V2L, V2R supply A p p | v tne vo | tage specified for the liquid crystals within the 

V3L » V3R limit of V EE through Vcc. 

V4L.V4R EE y 00 

VIL(V1R), V2L(V2R): Selection level 

V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with V1 L and V1 R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 



C5T 3 I MPU Chip selection. 

CS2 
CS3 



Data can be input or output when the terminals are in the 
following conditions: 

Terminal name CS1 CS2 CS3 

Condition L L H 



MPU Enable 



At write(R/W * low): Data of DBO to DB7 is latched 

at the fall of E. 
At read(R/W » high): Data appears at DBO to DB7 

while E is high. 



R/W 1 I MPU Read/write. 



R/W » High: Data appears at DBO to DB7 and can be 
read by the CPU when E « high, CS1 , CS2 
- low and CS3 - high. 

R/W - Low: DBO toDB 7 accepted at fall of E when 
C5FI , CS2- low and CS3 » high. 



D/l 1 I MPU Data/Instruction. 



D/l - High: Indicates that the data of DBO to DB7 is 
display data. 

D/l = Low: Indicates that the data of DBO to DB7 is 
display control data. 



ADC 1 I Vcc^IND Address control signal determine the relation between Y 

address of display RAM and terminals from which the data is 
output. 

ADC - High: Y1-$0, Y64-$63 
ADC - Low: Y64~$0, Y1-$63 
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Terminal Functions (cont) 



Terminal 
Name 


Number of 
Terminals 


I/O 


Connected 
to 


Functions 


DB0-DB7 


8 


I/O 


MPU 


Data bus, three-state I/O common terminal. 


M 


1 


I 


HD61103A 


Switch signal to convert liquid crystal drive waveform into 
AC. 


FRM 


1 


I 


HD61103A 


Display synchronous signal (frame signal). Presets the 6-bit 
display line counter and synchronizes a common signal with 
the frame timing when the FRM signal becomes high. 


CL 


1 




HD61103A 


Synchronous signal to latch display data. The rising edge of 
the CL signal increments the display output address 
counter and latches the display data. 


4>1,4>2 


1 


I 


HD61103A 


2-phase clock signal for internal operation. The 01 and <}>2 
clocks are used to perform operations (I/O of display data 
and execution of instructions) other than display. 


Y1-Y64 


64 


o 


Liquid 

crystal 

display 


Liquid crystal display column (segment) drive output. 

These pins output light on level when 1 is in the display 
RAM, and light off level when is in it. 

Relation among output level, M, and display data (D) is as 
follows: 

M _J 1 I | 

Output I V1 1 V3| V2| V4 I 




1 


I 


CPU or 

external 

CR 


The following registers can be initialized by setting the RST 
signal to low level: 

1 . On/off register set to (display off) 

2. Display start line register set to line (displays 
from line 0) 

After releasing reset, this condition can be changed only by 
instruction. 


DY 


1 





Open 


Output terminal for test. Normally, donl connect any lines 
to this terminal. 


NC 


2 




Open 


Unused terminals. Donl connect any lines to these 
terminals. 


Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 

1. I/O buffer 

Data is transferred through 8 data buses (DB0-DB7). 
DB7: MSB (most significant bit) 
DBO: LSB (least significant bit) 
Data can neither be input nor output unless CS1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is usele ss to 
switch the signals of input terminals except RST 
and ADC, that is namely, the internal state is 
maintained an d no i nstruction excutes. Besides, pay 
attention to RST and ADC which operate 
irrespectively by C5T to CS3. 

2. Register 

Both input register and output register are provided 
to interface to MPU whose the speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/I signals. 

a. Input Register 

The input register is used to store data 
temporarily before writing it into display data 
RAM. The data from MPU is written into input 
register, then into display data RAM 
automatically by internal operation. 







Table 1 Register Selection 


D/I 


R/W 


Operation 


1 


1 


Reads data out of output register as internal operation (display data RAM -* 
output register). 


1 





Writes data into input register as internal operation (input register -* display 
data RAM). 





1 


Busy check. Read of status data. 








Instruction. 
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When C5T to CS3 are in the active mode and 
D/I and R/W select the input register as shown 
in table 1, data is latched at the fall of E signal. 

b. Output Register 

The output register is used to store data 
temporarily that is read from display data RAM. 
To read out the data from the output register, 
CSl to CS3 should be in the active mode and 
both D/I and R/W should be 1. The read display 
data instruction outputs data stored in the output 
register while E is high. Then, at the fall of E, 
the display data at the indicated address is latched 
into the output register and the address is 
increased by 1. The contents in the output 
register is rewritten with READ instruction, 
while is held with address set instruction, etc. 

Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one 
dummy read is necessary. Figure 5 shows the 
CPU read timing. 



HD61102 




Figure 5 CPU Read Timing 



Busy Flag 



Busy flag = 1 indicates that HD61102 is operating 
and no instructions except status read can be 
accepted (figure 6). The value of the busy flag is 



read out on DB7 by the Status Read instruction. 
Make sure that the busy flag is reset (0) before 
issuing an instruction. 
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E _J 1__ 

Busy | | 

f,a9 k— TBusy J 

1/fcLK^T Busy *3/f C LK 

f CLK isol.02 frequency 

Figure 6 Busy Flag 



Display On/Off Flip/Flop 

The display On/off flip/flop selects one of two 
states, on state and off state of segments Yl to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It i s con trolled by the display on/off 
instruction. RST signal = sets the segments in 
off state. The status of the flip/flop is output to 
DB5 by the status read instruction. The display 
on/off instruction does not influence data in RAM. 
To control display data latch by this flip/flop, CI 
signal (display synchronous signal) should be input 
correcdy. 



X, Y Address Counter 

A 9-bit counter that designates addresses of internal 
display data RAM. X address counter (upper 3 bits) 
and Y address counter (lower 6 bits) should be set 
by the respective instructions. 

1. X address counter 

Ordinary register with no count functions. An 
address is set by instruction. 

2. Y address counter 

An address is set by instruction and it is increased 
by 1 automatically by display data R/W operations. 
The Y address counter loops the values of to 63 
to count. 



Display Start Line Register 

The register specifies a line in RAM that 
corresponds to the top line of the LCD panel, when 
displaying contents in display data RAM on the 
LCD panel. It is used for scrolling the screen. 

6-bit display start line information is written into 
this register by the display start line set instruction, 
with high level of FRM signal signalling the start 
of the display, the information in this register is 
transferred to the Z address counter, which controls 
the display address, and the Z address counter is 
preset 



Display Data RAM 

Dot data for display is stored in this RAM. 1-bit 
data of this RAM corresponds to light on (data = 1) 
and light off (data = 0) of 1 dot in the display panel. 
The correspondence between Y addresses of RAM 
and segment PINs can be reversed by ADC signal. 

As the ADC signal controls the Y address counter, 
a reverse of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, always 
connect ADC pin to Vcc or GND when using. 

Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = (display start line = 0, 1/64 duty 
cycle). 
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LCD 

display pattern 



Line 
Line 1 
Line 2 




X«0 



Display 
RAM data 



X-1 






1 


1 


1 










1 











1 







1 











1 







1 











1 







1 


1 


1 


1 


1 







1 











1 







1 











1 


































































X-7 








1 















1 
















Line 62 




1 


1 


1 


1 


1 







Line 63 

























1 2 3 4 5 












1 











1 


1 








1 





1 





1 








1 


1 











1 











1 






































Rf 



























I I I 

616263 



COM! (HD61103AX1) 

COM2 (HD611Q3AX2) 

COM3 (HD61103AX3) 

COM4 (HD61103AX4) 

COM5 (HD61103AX5) 

COM6 (HD61103AX6) 

COM7 (HD61103AX7) 

COM8 (HD61103AX8) 

COM9 (HD61103AX9) 



COM62 
COM63 
COM64 



(HD61103A X62) 
(HD61103A X63) 
(HD61103AX64) 



HD61102 Pin Name 



DBO(LSB) 

DB1 

DB2 

DB3 

DB4 

DB5 

DB6 

DB7(MSB) 



i i i 

i i 

i i 

i i 



RAM Y Address 



ADC - 1 (Connected to V cc ) 



Figure 7 Relation between RAM Data and Display 
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LCD 

display pattern 




(HD61103AX1) 
(HD61103AX2) 
(HD61103AX3) 
(HD61103AX4) 
(HD61103AX5) 
(HD61103AX6) 
(HD61103AX7) 
(HD61103AX8) 
(HD61103AX9) 



Line 
Line 1 
Line 2 



x«o 



Display 
RAM data 



X-1 



X-7 



Line 62 
Line 63 



63 62 61 






1 


1 


1 










1 











1 







1 











1 







1 











1 







1 


1 


1 


1 


1 







1 











1 







1 











1 
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1 


1 


1 
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Y3Y2 



1 2 3 4 5 












1 











1 


1 








1 





1 





1 








1 


1 











1 











1 






































\o 




























Y1 



COM62 
COM63 
COM64 



(HD61103AX62) 
(HD61103AX63) 
(HD61103AX64) 



HD61102 Pin Name 



DBO(LSB) 
DB1 
DB2 
DB3 
DB4 
•DBS 
DB6 

■ DB7(MSB) 



616263 



RAM Y Address~| 



ADC-1 (Connected to GND) 



Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 

The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At FRM 
high, the contents of the display start line register 
are preset in the Z counter. 

Display Data Latch 

The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit 

Data is latched at the rise of the CL signal. The 
display on/off instruction controls the data in this 
latch and does not influence data in display data 
RAM. 



Liquid Crystal Display Driver Circuit 

The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, VI, V2, V3, and V4 to be output 

Reset 

The system can be initialized by setting RST 
terminal to low when turning power on. 

1 . Display off 

2. Set display start line register 
line 

While RST is low level, no instruction except 
status read can be accepted. Therefore, carry out 
other instructions after making sure that DB4 = 
(clear RESET) and DB7 = (ready) by status read 
instruction. 

The conditions of the power supply at initial power 
up are as in table 2. 



Table 2 Power Supply Initial Conditions 



Item 


Symbol 


Mill 


Typ 


Max 


Unit 


Reset time 


*RST 


1.0 








Rise time 


V 






200 


ns 



Do not fail to set the system again because RESET during operation may destroy the data in all the 
registers except on/off register and in RAM. 
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Display Control Instructions 
Outline 

Table 3 shows the instructions. Read/write (R/W) 
signal, data/instruction (D/I) signal and data bus 
signals (DBO to DB7) are also called instructions 
because the internal operation depends on the 
signals from MPU. 

These explanations are detailed in the following 
pages. Generally, there are the following three 
kinds of instructions. 

1 . Instruction to set addresses in the internal 
RAM 

2. Instruction to transfer data from/to the 
internal RAM 

3. Other instructions 



In general use, the second type of instruction are 
used most frequently. Since Y address of the 
internal RAM is increased by 1 automatically after 
writing (reading) data, the program can be 
shortened. During the execution of an instruction, 
the system cannot accept instructions other than the 
status read instruction. Send instructions from 
MPU after making sure that the busy flag is 0, 
which is the proof that an instruction is not being 
excuted. 
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Code 



Instructions 


R/W 


D/l 


DB7 DB6 


DB5 DB4 DB3 DB2 DB1 


DB0 


Functions 


Display on/off 











1 1 1 1 1 


1/0 


Controls display on/off. RAM data and internal 
status are not affected. 1: on, 0: off. 


Display start line 








1 1 


Display start line (0-63) 




Specifies the RAM line displayed at the top of the 
screen. 


Set page (X address) 








1 


1 1 1 Page (0-7) 




Sets the page (X address) of RAM in the page (X 
address) register. 


Set Y address 








1 


Y address (0-63) 




Sets the Y address in the Y address counter. 


Status read 


1 





Busy 


ON/ RE- 
OFF SET 





Reads the status. 

RESET 1: Reset 
0: Normal 

ON/OFF 1: Display off 
0: Display on 

Busy 1 : Executing internal operation 
0: Ready 


Write display data 





1 


Write data 






Writes data DB0 (LSB) Has access to the 
to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 


Read display data 


1 


1 


Read data 






Reads data DB0 (LSB) f 009 ^ Y address js 
to DB7 (MSB) from the increased by 
display RAM to the data 1 * 



bus. 



Note: 1 . Busy time varies with the frequency (fcLK) of <|>1 , and $2. 
(1/ f C LK ^ T BUSY ^ & f CLK) 
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Detailed Explanation 
1. Display on/off 

R/W 

Code 



D/l 



DB7 



DBO 















1 


1 


1 


1 


1 


D 



high-order bit 



low-order bit — •> 



The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
when D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = into 
D=l. 



2. Display start line 
R/W 

Code 



D/l 



DB7 



DBO 









1 


1 


A 


A 


A 


A 


A 


A 



high-order bit 



low-order bit — * 



Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed at 
the top of the screen. 

Figure 7 shows examples of display (1/64 duty cycle) when the start line = 0-3. When the display duty 
cycle is 1/64 or more (ex. 1/32, 1/7A etc.), the data of total line number of LCD screen, from the line 
specified by display stan line instruction, is displayed. 
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COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 





COM60 
C0M61 
COM62 
COM63 
COM64 



Start line > 



Start line - 1 



C0M1 
COM2 
COM3 
COM4 
C0M5 
C0M6 
C0M7 
C0M8 
C0M9 



COM60 
C0M61 
COM62 
COM63 
COM64 




C0M1 
COM2 
COM3 
COM4 
COM5 
COM6 
C0M7 
COM8 
C0M9 



COM60 
C0M61 
COM62 
COM63 
COM64 




Start line « 2 



Start line - 3 



Figure 7 Relation Between Start Line and Display 
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3. Set page (X address) 



R/W 


D/l 


DB7 














DBO 








1 





1 


1 


1 


A 


A 


A 



high-order bit low-order bit — •> 



X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 8. 

4. Set Y address 



R/W 


D/l 


DB7 














DBO 











1 


A 


A 


A 


A 


A 


A 



high-order bit low-order bit — * 



Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 



Y address 

1 2 61 62 63 



DBO 




i 


PageO 


DB7 




DBO 




i 


Page 1 


DB7 









DBO 




i 


Page 6 


DB7 




DBO 






Page 7 


DB7 





Figure 8 Address Configuration of Display Data RAM 
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5. Status Read 



DA A/ 

1 V vv 


rwi 


hD7 














nun 


1 





Busy 





ON/ 
OFF 


RESET 















Code 



high-order bit 



low-order bit -* 



Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 

Busy is 1, so you should make sure that Busy is before writing the next instruction. 
ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 

When ON/OFF is 1, the display is in off condition. 

When ON/OFF is 0, the display is in on condition. 
RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 

except status read can be accepted. 

RESET = shows that initializing has finished and the system is in the usual operation 
condition. 



Write Display Data 
R/W D/l 

Code 



DB7 



DBO 






1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — *► 



Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 



7. Read Display Data 

R/W D/l 

Code 



DB7 



DBO 



1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — * 



Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 



One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61102 

Interface with HD61103A (1/64 duty cycle) 



Vcc>- 

V1>- 
V6>- 
V5*- 

v EE >- 



Vex: 



Rf Cf 



R CR C 

Vex: 

V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 



XI 



'EE 
GND 



X64 



HD61103A 



SHL 

DS1 

DS2 

TH 

GL1 

FS 

M/S 

FCS 

STB 



DL 
DR 



M 
CL2 
FRM 
01 
02 



s 



COM1 LCD panel 



5. 

COM64 lu 



3 
O 

LU 
CO 



Open 
— Open 



Power supply circuit 



+5V 



-10 V 




Contrast 



Vcc> 



M 

CL 

FRM 

01 

02 



ADC 
RST 



HD61102 



Y64 

Vcc 

V1L, V1R 
V2L, V2R 
V3L, V3R 
V4L, V4R 
VEE1.VEE2 
GND 



eo co o? ^ ^ SmSSSScDcSm 

OIOOCQUJQQQQQQQQ 




v cc 

-< V1 
-< V2 
-< V3 
-< V4 

■< v EE 



1 



External CR 



CPU 



R3»15a 
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The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 



Figure 9 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 

1. Example of connection with HD6800 



HD6800 



A15 
i 

A1 
VMA 

AO 

R/W 

02 

DO 
i 

D7 



Decoder 



Vcc- 



p. 



i 



CS2 
CS3 

D/I 

R/w 



DBO 

i 

DB7 
RST 



HD61102 



Figure 10 Example of Connection with HD6800 Series 

In this decoder (figure 10), addresses of HD61 102 in the address area of HD6800 are: 

Read/write of the display data $FFFF 

Write of display instruction $FFFE 

Read out of status $FFFE 
Therefore, you can control HD61 102 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 



P10 
P11 
P12 
P13 

(K>S) SC1 
(R/W) SC2 



HD6801 



P14 



P30 

P31 
i 



(Date bus) i 

P37 



74LS154 





YO 


A 


B 


Y , 1 


C 


i 


D 


Y15 


G1 


G2 



Vcc- 



CST 
CSS 
CS3 

RAN 
D/l 



DBO 

DB1 

i 
i 

DB7 



HD61102 
No. 1 



Figure 11 Example of Connection with HD6801 



Set HD6801 to mode 5. P10 to P14 are used as 
the output port and P30 to P37 as the data bus 
(table 11). 

74LS154 4-to-16 decoder generates chip select 
signal to make specified HD61102 active after 
decoding 4 bits of P10 to P13. 
Therefore, after enabling the operation by P10 
to P13 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61102. In this 
case, IOS signal is output from SCI and R/W 
signal from SC2. 

For details of HD6800 and HD6801, refer to 
their manuals. 
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Example of Application 



HD61102 
No. 9 

Y1 ~ Y64 



HD61102 
No. 10 

Y1 Y64 




HD61102 
No. 16 

Y1 -wY64 





COM1. 




LCD Panel 
128x480 dots 



Y1 



Y64 



HD61102 
No. 1 



Y1 ~ Y64 

HD61102 
No. 2 




Y1 « — . Y64 

HD61102 
No. 8 





Figure 12 Application Example 

Note: In this example (figure 1 2), two HD61 1 03As output the equivalent waveforms. So, stand-alone 

operation is possible. In this case, connect COM1 and COM65 to X1 , COM2 and COM66 to X2 

and COM64 and COM128 to X64. However, for the large screen display, it is better to drive in 2 
rows as in this example to guarantee the display quality. 
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HD61103A — 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD61103A is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 

As the HD61103A is produced by a CMOS 
process, it is fit for use in portable battery drive 
equipments utilizing the liquid crystal display's low 
power consumption. The user can easily construct a 
dot matrix liquid crystal graphic display system by 
combining the HD61103A and the column 
(segment) driver HD61 102. 



Features 

• Dot matrix liquid crystal graphic display 
common driver with low impedance 

• Low impedance: 1.5 k& max 

• Internal liquid crystal display driver circuit: 64 
circuits 

• Internal dynamic display timing generator 
circuit 

• Selectable display duty ratio factor 1/48, 1/64, 
1/96, 1/128 

• Can be used as a column driver transferring data 
serially 

• Low power dissipation: During display: 5 mW 

• Power supplies: Vcc* +5 V ± 10% 

V EE :0 to -11.5 V 

• LCD driver level: 17.0 V max 

• CMOS process 

• 100-pin flat plastic package (FP-100) 



Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit 


Note 


Power supply voltage (1) 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply voltage (2) 


Vee 


Vcc -19.0 to Vcc +0.3 


V 


5 


Terminal voltage (1) 


V T 1 


-0.3 to Vcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


V EE - 0.3 to Vcc + 0.3 


V 


4,5 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-55 to 125 


°c 





Notes: 1 If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 

2. Based on GND - V. 

3. Applies to input terminals (except V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O 
common terminals at high impedance. 

4. Applies to V1L.V1R, V2L,V2R,V5L,V5R,V6L, and V6R. 

5. Apply the same value of voltages to V1 L and V1 R, V2L and V2R, V5L and V5R, V6L and V6R, 
V EE (23 pin) and V EE (58 pin) respectively. 

Maintain Vcc £ V1 L * V1 R £ V6L - V6R 2> V5L - V5R > V2L « V2R £ V EE 
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Pin Arrangement 



CO^W«OSOOO)Ot-CM 



IA(ONCOO>Ot-M 



X22 

X21 

X20 

X19 

X18 

X17 

X16 

X15 

X14 

X13 

X12 

X11 

X10 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

X1 

Vee 

V6L 

V5L 

V2L 

V1L 

Vcc 

DL 

FS 



]X43 
1X44 
1X45 
]X46 
1X47 
)X48 
1X49 
1X50 
]X51 
|X52 
JX53 
)X54 
JX55 
]X56 
lX57 
]X58 
)X59 
]X60 
1X61 
]X62 
]X63 
]X64 
I V EE 
]V6R 
]V5R 
1V2R 
]V1R 
]TH 
1CL2 
CL1 



t- cm Icq «j O 

CO CO o o oc F x z o 

QQOZCCZOIWCOOZ 



w^-oc^ooa: 

Q QZIlSZIlQ 



(Top view) 
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Electrical Characteristics 

DC Characteristics (V C c - +5 V ± 1©%> GND = V* V EE = o to -11*5 V* 
Ta = -20 to +75°C) " 



Specifications 



Test Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Conditions 


Note 


input high voltage 


V, H 


0.7 x VCC 


— 


Vcc 


V 




1 


Input low voltage 


V,L 


GND 




0.3xV CC 


V 




1 


Output high voltage 


VOH 


Vcc-0.4 


"— * 




V 


Ioh - -0.4 mA 


2 


Output low voltage 


Vol 






+0.4 


V 


| Q i « +0.4 mA 


2 


Vi-Xj on resistance 


Ron 


— 


— 


1.5 


kft 


Vcc-V E e-10V 
Load current 
±150 uA 


3 


Input leakage current 


I|L1 


-1.0 


— 


+1.0 


uA 


Vin-OtoVcc 


4 


Input leakage current 


l|L2 


-2.0 




+2.0 


uA 


Vin-V EE toVcc 


5 


Operating frequency 


foprl 


50 




600 


kHz 


In master mode 
External cbck 
operation 


6 


Operating frequency 


fopr2 


50 


— 


1500 


kHz 


In slave mode 
Shift register 


7 


Oscillation frequency 


fosc 


315 


450 


585 


kHz 


Cf«20pF±5% 
Rf-47kfl±2% 


8, 13 


Dissipation current (1 ) 


Iggi 






1.0 


mA 


In master mode 
1/128 duty cycle 
CU20pF 
Rf«47kQ 


9, 10 


Dissipation current (2) 


! GG2 






200 


uA 


In slave mode 
1/128 duty cycle 


9,11 


Dissipation current 


Iee 






100 


uA 


In master mode 
1/128 duty cycle 


9, 12 



Notes: 1 . Applies to input terminals FS, DS1 , DS2, CR, STB, SHL, M/S, FCS, CL1 , and TH and I/O 
common terminals DL, M, DR and CL2 in the input state. 

2. Applies to output terminals, <t>1, $2, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output status. 

3. Resistance value between terminal X (one of X1 to X64) and terminal V (one of V1 L, V1 R, V2L, 
V2R, V5L, V5R, V6L, and V6R) when load current is applied to each terminal X. 
Equivalent circuit between terminal X and terminal V. 
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o Terminal X (X1-X64) 



Connect one of the lines 



Applies to input terminals FS, DS1, DS2, CR, STB, SHL, M/S, FCS, CL1 , and TH, I/O common 
terminals DL, M, DR and CL2 in the input status and NC terminals. 
Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R. 
Donl connect any lines to X1 to X64. 
External clock is as follows. 



External clock OJVcc 
waveform 0.5Vcc i 
\0.3Vcc/ 




P 


( 1 







tfcp 



trcp 
External 

cloc k ~] Open Open 
I CR R C 



Duty cycle > 



TH 
TH + TL 



x 100% 





Min 


Typ 


Max 


Unit 


Dutv 
cycle 


45 


50 


55 


% 


trcp 






50 


ns 


tfcp 






50 


ns 



7. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 

8. Connect oscillation resistor (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) ' s twice as much as the frequency (f<t>) at <|>1 or <|>2. 




Cf«20pF 

Rf«47kfl fosc-2xfo 

9. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at V !H - V C c and V| L * GND. 

1 0. This value is specified for current flowing through GND in the foltowi ng co nditions: Internal 
oscillation circuit is used. Each terminal of DS1, DS2, FS, SHL, M/S, 5TB, and FCS is 
connected to Vcc and each of CL1 and TH to GND. Oscillator is set as described in note 8. 

1 1 . This value is specified for curren t flow ing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS and CR is connected to V cc , CL1 , TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and DL 
of the HD61103A under the conditions described in note 10. 
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1 2. This value is specified for current flowing through V EE under the condition described in note 
i o. Dont connect any Sines to terminal V. 

13. This figure shows a typical relatbn among oscillation frequency, Rf and Cf. Oscillation 
frequency may vary with the mounting conditions. 




50 100 
Rf (kQ) 



300 
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A.C Characteristics 

(V CC = +5 V ± 10%, GND = V, V EE = to -11.5 V, Ta = -20 to +75°C) 
1. Slave Mode (M/S = GND) 



CL2 

(FCS - GND) 
(Shift clock) 



CL2 

(FCS.Vcc) 
(Shift clock) 



DL (SHL-Vcc) 
DR (SHL-GND) 
Input data 



tDD 



DHW 



DR (SHL-Vcc) 
DL (SHL-GND) 
Output data 



0.3VCC \ / \tyVLCL2l / | twHCL2L | \ 

0.7Vcc / \ 
0-3Vcc/ >^ 



/ <WHCL2H \ ^ ^ / 

/ J \tWLCL2H / 



t DH 



OJVcc 
•3Vcc 



x 



OJVcc 
).3V CC 



x 



Item 


Symbol 


Min 


Typ 


Max 


Unit Note 


CL2 low level width (FCS - GND) 


tWLCL^L 


450 






ns 


CL2 high level width (FCS - GND) 


tWHCL2L 


150 






ns 


CL2 low level width (FCS - Vcc) 


tWLCL2H 


150 






ns 


CL2 high level width (FCS - V cc ) 


t WHCL2H 


450 






ns 


Data setup time 


tDS 


100 






ns 


Data hold time 


*DH 


100 






ns 


Data delay time 


tDD 






200 


ns 1 


Data hold time 


^DHW 


10 






ns 


CL2 rise time 


tr 






30 


ns 


CL2 fall time 


tf 






30 


ns 



Note: 1 . The following load circuit is connected for specification. 

1 



Output q_ 
Terminal 



30 pF (Includes jig capacitance) 
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2. Master Mode (M/S = V cc , FCS = V C c, Cf = 20 pF, Rf = 47 kQ) 



CL2 



7VCC \ l . tWLCL2 . 'WHCLZ X / 

tDH tDH 



DL (SHL-Vcc) 
DR (SHL-GND) 



DR (SHL-Nfcc) 
DL (SHL-GND) 



t DFRM " 



?DS 



0.7V CC 
0.3Vcc 



tos 

n k 

tDD 



0.7VCC 

3Vcc 



FRM 



M 



/ o.7Vcc \ 

/ 0.3V CC \ 



X 



-tDFRM 



tDM 



0.7Vcc 
0.3Vcc 



tf t r twHai 



01 



02 




tWL0l tQi2 




\_/o.: 



OJVcc 

0.5V C C 
0.3Vc5 



tD21 



tWH02 



tf tyvL02tf 




0.7V CC 

0.5VCC 
0.3Vcc 
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Item 


Symbol 


Min 


Typ 


Max 


Unit Note 


Data setup time 


tDS 


20 






US 


Data hold time 


*DH 


40 






US 


Data delay time 


*DD 


5 






US 


rRM delay time 


Idfrm 


—2 




+2 


US 


m aeiay time 


l DM 




— c. 






us 


CL2 low level width 


^WLCL2 


35 






II c 

P- a 


CL 2 high level width 


^WHCL2 


35 






US 


<|>1 low level width 


tWL<i>1 


700 






ns 


<t>2 low level width 


tWL<f>2 


700 






ns 


<t>1 high level width 


tWH$1 


2100 






ns 


<|>2 high level width 


tWH<>2 


2100 






ns 


4>1-<|>2 phase difference 


*D12 


700 






ns 


<|>2- <|>1 phase difference 


*D21 


700 






ns 


4>2 rise time 


tr 






150 


ns 


4>1, 4>2 fall time 


tf 






150 


ns 
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V2L V6L 
V1L V5L 



64 output terminals 
X1 X2 — 



V2R V6R 
X62 X63 X64 V1R V5R 



V CC- 
GND- 

v EE - 



CL1 ■ 
TH 

DL* 



Logic 



SHL- 
STB- 



Liquid crystal display 
driver circuits 



Bidirectional shift 
register 



62 



63 



o 

9? 



9Q 

3 



X 
d 

o 

00 

> 



64 



Oscillator 



Timing generation circuit 



Logic" 



Logic 



Logic 



FCS 

-CL2 
-FRM 



M/S FS DS1DS2 01 o2 
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Block Functions 
Oscillator 

The CR oscillator generates display timing signals and operating clocks for the HD61102. It is required 
when the HD61103A is used with the HD61102. An oscillation resistor Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminal R and C. 



R CR C II R CR C 




— AV— < 
Rf 


— ll 

a 


i t i 

Open External Open 
clock 



Figure 1 Oscillator Connection with HD61102 



The oscillator is not required when the HD61 103A is used with the HD61830. Connect terminal CR to the 
high level and don't connect any lines to terminals R and C (figure 2). 



R 


CR 


-fJ 


1 


\ 




Open 


Vcc 


Open 



Figure 2 Oscillator Connection with HD61830 



Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock for the HD61 102. This circuit is 
required when the HD61103A is used with the HD61102. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals FS, DS1, and DS2 to high level and M/S to low level (slave 
mode). 

Bidirectional Shift Register 

A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to XI and the highest order bit on the DR 
side corresponds to X64. 
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Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output terminals (table 1). 

Table 1 Output Levels 

Data from the 



Shift Register 


M 


Output Level 


1 


1 


V2 





1 


V6 


1 





V1 








V5 
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HD61103A Terminal Functions 



Terminal 
Name 


Number of 
Terminals I/O 


Connected 
to 


Function 


Voc 


1 


Power 


v cc ~ GND: Power supply for internal logic. 


GND 

Vee 


1 
2 


supply 


Vcc - Vee- Power supply for driver circuit logic. 


V1L, V2L, 

VOL, VOL, 

V1R,V2R, 
V5R, V6R 


8 


Power 
supply 


Liquid crystal display driver level power supply. 

V1 L (V1 R), V2L (V2R): Selected level 
V5L (V5R), V6L (V6R): Non-selected level 

Voltages of the level power supplies connected to V1 L 
and V1 R should be the same. 

(This applies to the combination of V2L & V2R, V5L & 
V5R and V6L & V6R respectively) 


M/S 


1 I 


VccorGND 


Selects master/slave. 



M/S ■ V cc : Master mode 



When the HD61 1 03A is used with the HD61 1 02, timing 
generatbn circuit operates to supply display timing 
signals and operation dock to the HD61 1 02. Each of 
I/O common terminals DL, DR, CL2, and M is in the 
output state. 

M/S - GND: Slave mode 

The timing operation circuit stops operating. The 
HD61 103A is used in this mode when combined with the 
HD61 830. Even if combined with the HD61 102, this 
mode is used when display timing signals (M, data, CL2, 
etc.) are supplied by another HD61 103A in the master 
mode. 

Terminals M and CL2 are in the input state. 

When SHL is Vcc. DL & in the input state and DR is in 

the output state. 

When SHL is GND, DL is in the output state and DR is in 
the input state. 

FCS 1 I Vcc or GND Selects shift clock phase. 

FCS ■ Vcc-' Shift register operates at the rising 
edge of CL2. Select this condition 
when HD61 1 03A is used with HD61 1 02 
or when MA of the HD61 830 connects 
to CL2 in combination with the 
HD61830. 

FCS - GND: Shift register operates at the fall of 

CL2. Select this condition when CL1 of 
HD61 830 connects to CL2 in 
combination with the HD61830. 
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HD61103A Terminal Functions (cont) 

Terminal Number cf Connected 

Name Terminals I/O to Function 



FS 1 I VccorGND Selects frequency. 

When the frame frequency is 70 Hz, the oscillation 

frequency should be: 

fosc - 430 kHz at FCS « Vcc 
fosc - 215 kHz at FCS - GND 



This terminal is active only in the master mode. Connect 
it to Vqc in the slave mode. 



DS1.DS2 2 


I VccorGND Selects display duty factor. 










Display Duty Factor 1 /48 


1/64 


1/96 


1/128 




DS1 GND 


GND 


Vcc 


Vcc 




DS2 GND 


Vcc 


GND 


Vcc 



TH 1 
CL1 1 



These terminals are valid only in the master mode. 
Connect them to Vqc in the slave mode. 



STB 1 I VccorGND Input terminal for testing. 

Connect STB to Vcc- 
Connect TH and CL1 to GND. 



CR.R.C 3 Oscillator. 



In the master mode, use these terminals as shown 
below. 

Usage of these terminals in the master mode: 

Internal oscillation External clock 

External 

| — jyy ^ Ot>e n Clock Open 



| R CR C|IR CR c] 



in the slave mode, stop the oscillator as shown below: 



Open Vcc Open 

r 1 1 L-i 

|R CR Cj 



4>1»4>2 2 O HD61102 Operating clock output terminals for the HD61 102. 

Master mode: Connect these terminals to terminals 
4>1 and 02 of the HD61 102 
respectively. 

Slave mode: Donl connect any lines to these 
terminals. 
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HD61103A Terminal Functions (cont) 



Terminal 
Name 



Number of 
Terminals 



I/O 



Connected 
to 



Function 



FRM 



HD61 1 02 Frame signal. 

Master mode: Connect this terminal to terminal FRM 
of the HD61102. 

Slave mode: Donl connect any lines to this 
terminal. 



M 



I/O 



MB of 

HD61830or 
MofHD61102 



Signal to convert LCD driver signal into AC. 

Master mode: Output terminal 

Connect this terminal to terminal M of 
the HD61102. 

Slave mode: Input terminal. 

Connect this terminal to terminal MB 
oftheHD61830. 



CL2 



I/O 



CL1 or MA 
of HD61830 
orCLof 
HD61102 



Shift clock. 

Master mode: Output terminal 

Connect this terminal to terminal CL of 
theHD61102. 

Slave mode: Input terminal 

Connect this terminal to terminal CL1 
or MA of the HD61830. 



DL, DR 



I/O Open or FLM 
ofHD61830 



Data I/O terminals of bidirectional shift register. 

DL corresponds to X1 's side and DR to X64's side. 

Master mode: Output common scanning signal. 

Donl connect any lines to these 
terminals normally. 

Slave mode: Conned terminal FLM of the HD61 830 
to DL (when SHL » Vcc) or DR (when 
SHL -GND) 
M/S Vcc GND 



SHL 


Vcc 


GND 


Vcc 


GND 


DL 


Output 


Output 


Input 


Output 


DR 


Output 


Output 


Output 


Input 



NC 



Open Not used. 

Donl connect any lines to this terminal. 



SHL 



I Vcc or GND 



Selects shift direction of bidirectional shift register. 
SHL Shift Direction Common Scanning Direction 



Vcc DL-+DR 



X1 ">X64 



GND DL«-DR 



X1 <- X64 
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HD61103A Terminal Functions (cont) 

Terminal Number of Connected 

Name Terminals I/O to Function 



X1-X64 64 O Liquid crystal Liquid crystal display driver output. 

display Output one of the four liquid crystal display driver levels 
V1 , V2, V5, and V6 with the combination of the dat from 
the shift register and M signal. 



m j i L_° r 



Data 

Output | V2 | V6 | V1 | V5 



Data 1 : Selected level 
0: Non-selected level 
When SHL is Vcc. X1 corresponds to COM1 and X64 
corresponds to COM64. 

When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. ______ 
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> 
3 



32 



i > 
I 5 



H: V, 



cc 



L: GND 
<t>1 <J>2 



} Fixed 



' means "open". 



FRM 



M 



Rf: Oscillation resister 
Cf: Oscillation capacitor 

CL2 SHL DL 



DR 



X1-X64 



A LLLLHHHHH — 



from MB from CL1 

of of 
HD61830 HD61830 



H 



from FLM 
of 

HD61830 



— COM1-COM64 



L _ 



from FLM 
of 

HD61830 



COM64-COM1 



B LLLHHHHHH — 



from MB from MA 

of of 
HD61830 HD61830 



from FLM to DL/DR 

of ofHD61103A COM1-COM64 
HD61830 No. 2 



to DL/DR of 
L HD61103A 
No. 2 



from FLM 
of 

HD61830 



COM64-COM1 



C LLLHHHHHH — 



from MB from MA 

of of 
HD61830 HD61830 



from DL/DR of 
H HD61103A 
No.1 



COM65-COM128 



- (JfTOI 1 !^ COM128-COM65 

Nal 



S3 W 

C 3 

•© 
w ST 

1 > 



© 



n 
t 



> 



LL Rf to+1 to<|>2 to FRM toM toCL 

D H L L H H or H Rf Cf of of of of of 

LH Cf HD61 1 02 HD61 1 02 HD61 1 02 HD61 1 02 HD61 1 02 



— COM1-COM64 



— COM64-COM1 



o 
o 

I 

oo 

CO 



E H L L H H 



LL 
or 
LH 



Rf to 61 to«>2 to FRM to ^ *?i*-° f o 

H RfCf of of of of HD61102 

Cf HD61 1 02 HD61 1 02 HD61 1 02 J^US?* JS,£ L A2a 

HD61103AHD61103A 



to DL/DR 

— ofHD61103A COM1-COM64 
No. 2 



to DL/DR 
ofHD61103A — 
No. 2 



COM64-COM1 



F LLLHHHHHH — 



from M from CL2 
of of 
HD61103AHD61103A 
No.1 No.1 



from DL/DR 
of HD61103A 
No.1 



COM1-COM64 



from DL/DR 

ofHD61103A COM64-COM1 
No.1 
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Outline of HD61103A System Configuration 

I. Use with KD6I830 

a. When display duty ratio of LCD is more than 1/64 



HD61830 



No. 1 







COM1 
COM64 



LCD 



One HD61 1 03A drives 
common signals. 



Refer to 

Connection list A 



HD61830 



II 



LCD 



No. 1 



HD61830 



No.1 



No. 2 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 


LCD 


COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61103A drives 
common signals for 
upper and lower 
panels. 



Two HD61103AS drive 
upper and lower 
panel separately 
to ensure the 
quality of display. 
No. 1 and No. 2 
operate in parallel. 



b. When display duty ratio of LCD is from 1/65 to 1/128 
HD61830 ^ 

JcomT 



HD61830- 



pT HCQM128 LCP 
No. 2— I 



HD61830 



No.1 
I 



No. 2 



LCD 



COM1 


Upper 


COM128 


COM1 


Lower 


COM128 



No.1 
I 



No. 3 

I 



No. 2 



No. 4 



LCD 



COM1 
COM128 


Upper 


COM1 


Lower 


COM128 



TwoHD61103As 
connected serially 
drive common signals. 



TwoHD61103As 
connected serially 
drive upper and 
lower panels in 
parallel. 



Two sets of 
HD61 1 03As connected 
serially drive upper 
and bwer panels in 
parallel to ensure 
the quality of display. 



Refer to 

Connection list A 



For both of No. 1 
and No. 2, refer to 
Connection list A 



Refer to 

Connection list B 
for No.1. 

Refer to Connection 
list C for No. 2. 



Refer to 

Connection list B 
for No. 1. 

Refer to Connection 
list C for No. 2. 



Refer to 

Connection list B 
for No. 1 and 3. 
Refer to 

Connection list C 
for No. 2 and 4. 
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2. Use with HD61102 (1/64 duty ratio) 





No. 1 







COM1 
COM64 



LCD 



HD61102 



One HD61103A drives 
common signals and 
supplies timing 
signals to the 
HD61102S. 



Refer to 

Connection list D 



►HD61102 



LCD 



-HD61102 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61103A drives 
upper and lower 
panels and supplies 
timing signals to 
the HD61102S. 



Refer to 

Connection list D 



-HD61102 



m, 



No. 1 



LCD 



No. 2 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



Two HD61103As drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No. 2 and the 
HD61102s. 



Refer to 

Connection list E 
for No. 1 

Refer to 

Connection list F 
for No. 2 
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Connection Example 1 



Use with KD6i 102 (RAM type segment driver), 
a. 1/64 duty ratio (See Connection List D) 



Cf 
Rf 



+5V(V CC ) 



E 




R3V5 



R3V2 



V E E 



-10VO-4 — J 



-10 
0V<> 



Contrast 



Open ■ 
Open- 



C 

CR 
R 

V1L, V1R 
V6L, V6R 



V5L, V5R 

V2L, V2R 
V E E 



GND 

DL 
DR 



x 

CO 



i 



CO 

Q 
I 



X1 
(X64) 

5 

X64 

(X1) 



M 
CL 
FRM 
01 
02 

SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



s 



COM1 



5 



LCD panel 



COM64 



M 




CL 


HD61102 


FRM 


cccccco: 


01 


02 


-J -J _F «J oQ uj 

t- CO "<fr CM OZ LU 

>>>>>o> 



n . 

V1V3V4V2 o 



Z UJ 



R3 «15ft 



Figure 1 Example 1 

Note: 1 . The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of R1 and R2 should satisfy 



R1 



4R1 + R2 " 9 

For example, 

R1 »3kQ, R2=*15kQ 
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Figure 2 Example 1 Waveform (RAM type, 1/64 duty cycle) 
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Connection Example 2 

Use with HD61830 (Display controller), 
a. 1/64 duty ratio (See Connection list A) 



Open- 

Vcc— 

Open- 

fv C c- 

V1 - 
V6- 



co 



V5- 
V2- 

V EE - 
GND- 



Open- 
Open- 
Open- 



C 

CR 
R 

V C C 

V1L.V1R jj 

V6L.V6R Jj 
x 

CO 



V5L.V5R w 

V2L.V2R c§ 
o 

CM 



CO 

Q 



V E E 
GND 



FRM 

01 

02 



X1 
(X64) 

X64 
(XI) 



M 

CL2 
DL(DR) 



2f DR(DL) 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



COM1 



COM64 



LCD panel 



-Open 

v cc 



MB 




CL1 


HD61830 


FLM 






(Display Controller) 



Figure 3 Example 2 (1/64 duty ratio) 
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Figure 4 Example 2 Waveform (1/64 duty ratio) 
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b. 1/100 duty ratio (See Connection list B, C) 




COM1 



COM64 
COM65 

y 

COM100 



LCD 
Panel 



Figure 5 Example 2 (1/100 duty ratio) 



HITACHI 

318 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD61103A 








> jo! tf>l >l 










V2 j 










1 







i 






V2 




i i 
i i 
i i 

V2 








i 





TH"5 




3 < is 6 xf — is *f — 



1 

CD 



H 
-J 
X 
CO 



0S8I.9CIH 



TON VS0U9QH 



Z 'ou veOU9QH 



Figure 6 Example 2 (1/100 duty ratio) 
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HD61 104,HD61 104A 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

HD61104, HD61104A is a column (segment) 
driver for large-area dot matrix liquid crystal graphic 
display systems. 

Features 

• Display duty cycle: 1/64-1/200 

• Internal liquid crystal display driver: 80 drivers 

• 4-bit bus, bidirectional shift data transfer 

• Cascade connection with enable format 

• Data transfer rate: 3.5 MHz 

• Power supply for logic circuit: 5 V ±10% 

• Power supply for LCD drive circuits : 

10to26V(HD61104) 
10 to 28 V(HD61104A) 

• Standby function 

• CMOS process 

100-pin flat plastic package 



Ordering Information 



Type No. 


LCD Driving 
Level (V) 


Package 


HD61104 


+10 to +26 


100 pin plastic 
QFP (FP-100) 


HD61104A 


+10to+28V 




HD61104TF 


+10to+28V 


1 00 pin plastic T- 
QFP(TFP-100) 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1) 


Voc 


-0.3 to +7.0 


V 


2 


Supply voltage (2) HD61 1 04 


V EE 


Vcc-28.0toVcc + 0.3 


V 




HD61104A 


Vee 


Vcc-28.5toVcc + 0.3 






Terminal voltage (1) 


Vti 


-0.3toVcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


V E E-0.3toVcc + 0.3 


V 


4 


Operating temperature . 


Topr 


-20 to +75 


°c 




Storage temperature 


T stg 


-65 to +125 


°c 





Notes: 1 . LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In 

ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND « V. 

3. Applies to input terminals, SHL, CL1 , CL2, D0-D3, E, and M. 

4. Applies to V1 , V2, V3, and V4. Must maintain 

V C c^V 1 ^V3^V4^V 2 ^Vee 
Connect a protection resister of 1 5 fit ± 1 0% to each terminal in series. 
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Pin Arrangement 



Y30| 

Y29| 

Y28[ 

Y27[ 

Y26[ 

Y25[ 

Y24[ 

Y23[ 

Y22[ 

Y21 j 

Y20[ 

Y19[ 

Y18[ 

Y17[ 

Y16[ 

Y15 

Y14[ 

Y13[ 

Y12[ 

Y11 | 

Y10l 

Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 



JY51 
]Y52 
]Y53 
]Y54 
]Y55 
]Y56 
]Y57 
]Y58 
]Y59 
]Y60 
]Y61 
]Y62 
]Y63 
]Y64 
]Y65 
]Y66 
]Y67 
]Y68 
]Y69 
]Y70 
]Y71 
]Y72 
]Y73 
]Y74 
]Y75 
]Y76 

Y77 
]Y78 
]Y79 

Y80 



l|g|ilil@ilil5SIE3lgH 



.ofi 80 

: Z lO > Z 



(Top View) 
(FP-100/TFP-100) 
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V1 V2 V3 V4 Y1 Y2 



Y80 



M- 



Liquid crystal 
driver circuit 



77 



78 



79 



80 



CL1- 



D r 

SHL- 
CL2- 



Shift 
direc- 
tion 
control 



1 1 2 1 3 1 4 



— i — i — i — 
5j6|7j8 



;o-n 



01 



02 



80 



Latch circuit 2 
80 bits 

— 



80 



Latch circuit 1 
4 bit x 20 



77i78i79 



80 



3f 



020 



Selector 



20 



2 



Control circuit 



o 

9? 

o 

s* 

3 



K 
D 
o> 

o 

o 
I* 

> 



- v cc 

-GND 
• V EE 



►CAR 



HD61104, HD61104A 



Electrical Characteristics 



DC Characteristics 

(V C c = 5 V ± 10%, GND = V, V C c - V EE = 10 to 26 V (HD61104), V CC - V E e = 10 
to 28 V (HD61104A), Ta = -20 to +75°C) 



Item 


Symbol 


Mln 


Typ Max 


Unit 


Test Condition 


Note 


Input high voltage 


V, H 


OJxVcc 


Vcc 


V 




1 


Input low voltage 


V|L 





0.3 x Vcc 


V 




1 


Output high voltage 


VOH 


Vcc-0.4 




V 


IOH.-400UA 


2 


Output low voltage 


Vol 




0.4 


V 


Iol«400uA 


2 


Driver on resistance 


Ron 




7.5 


kn 


V EE «-1 OV.Load 
current «1 00 uA 


5 


Input leakage current 


I(L1 


-1 


1 


uA 


V|N-0toVcc 


1 


Input leakage current 


l|L2 


-25 


25 


uA 


V IN -V EE toVcc 


3 


Dissipation current (1) 


Ignd 




2.0 


mA 




4 


Dissipation current (2) 


Iee 




0.2 


mA 


HD61104 


4 








0.4 




HD61104A 




Dissipation current (3) 


1st 




100 


uA 




4 

5 



Notes: 1. Applies to CL1 , CL2 t SHL, E, M, and D0-D3. 

2. Applies to CAR. 

3. Applies to V 1t V 2 , V 3 , and V 4 . 

4. Specified when display data is transferred under following conditions: 

CL2 frequency fcp2 « 2.5 MHz (data transfer rate) 
CL1 frequency fcpl * 14.0 kHz (data latch frequency) 
M frequency f M « 35 Hz (frame frequency/2) 
Display duty ratio 1/200 
Specified when V| H « Vcc. v il - GND and no load on outputs. 
Ignd : currents between Vcc and GND 
l EE : currents between Vcc and V EE _ 

5. Currents between Vcc and GND at standby (E input - high). 

6. Resistance between terminal Y (one of Y1 to Y80) and terminal V (one of V 1t V 2 , V 3 , and V 4 ) 
when load current flows through one of the terminals Y1 to Y80. This value is specified under 
the following conditions: 
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\fc c -V EE «26V 

v t , v 3 - v GG - 2/1 o (V ccr v EE ) 

V 2 ,V 4 - \t E +2/10(V C(r V EE ) 



V1L. V 1R 
M3L.M3R 




o Terminal Y 
(Y1-Y80) 



The following is a description of the range of power supply voltage for liquid crystal display drives. Apply 
positive voltage to Vi and V3, and negative voltage to V2 and V4, within the AV range. This range allows 
stable impedance on driver output (Ron)- Notice that AV depends on power supply voltage Vcc -Vee- 




Vcc-V EE (V) 



Correlation between Driver Correlation between Power 

Output Waveform and Power Supply Voltage V cc - V EE and A/ 

Supply Voltages for Liquid 
Crystal Display Drive 
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Terminal Configuration 



Input Terminal 

Applicable Terminals : CL1 , SHU E, M 

Vcc 



HHPMOS 



HHnmos 



Input Terminal (controlled by Enable signal) 

Applicable Terminals : CL2, Dq-C^ 

Vcc Vcc 




Enable 

Output Terminal 

Applicable Terminal : CAR 



CL2 
D0-D3 



E o- 



Enable 




Output Terminal 

Applicable Terminals : Y1 -Y80 



Jyi — PMOS oVi 
Vcc 

-Pf" PMOS ov 3 
Vcc 



NMOS 



-T- 

-Jp NMOS ov 2 
Vee 
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AC Characteristics 

(V C c = 5 V ± 10%, GND = V, Ta = -20 to ±75°C) 



If am 

IIOIII 


Qumhitl 
wyffiwwl 


Min 

Mill 


i yp 


May 

In HA 


Unit 
vim 


Note 


f^\f\fA£ sh/oIa tint a 
VsKJvfv Uyvltl llifif? 


tcYC 








ns 




Cl\f\rk hinh lat/al u/irlth 
vsiuuv iiiyi i ravin wiuii i 




1 in 

I 1U 






ns 




vsmorv kjw iovoi whjii i 


tcWL 


1 m 

1 IU 






119 




wiuvit setup ume 


tsCL 


fin 
ou 






ns 




f^lrv»lf HnlH timo 


^HCL 


fin 






119 




Clock rise/fall time 


tcT 






30 


ns 




Data setup time 


tosu 


80 






ns 




Data hold time 


*DH 


80 






ns 




E setup time 


tESU 


75 






ns 




Output delay time 


tDCAR 






180 


ns 


1 


M phase difference time 


*CM 






300 


ns 




CL1 cycle time 


feL1 


tcYC x1 ° 






ns 





Note: 1 . The following load circuit is connected for specification: 
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Terminal Number of Connected 

Name Terminals I/O to Functions 



Vcc 
GND 
Vee 


1 
1 
1 


Power 
supply 


Vcc - GND: Power supply for internal logic 
Vcc **Vee : Power supply for LCD drive circuit 


Vi 

v 2 
v 3 
v 4 


4 


Power 
supply 


Power supply for liquid crystal drive. 

V 1t V 2 : selection level 
V 3 , V 4 : non-selection level 


Y1-Y80 


80 


LCD 


Liquid crystal driver outputs. 

Selects one of the 4 levels, V 1f V 2 , V 3 , and V 4 . Relation 
among output level, M, and display data (D) is as follows: 

M I 1 I n I 

d JT|^JT1^ 

|yi|y ? |y3|V4| 


M 


1 


I Controller 


Switch signal to convert liquid crystal drive waveform into 



AC. 



CL1 1 I Controller Latch clock of display data (falling edge triggered). 

Synchronized with the fall of CL1 , liquid crystal driver 
signals corresponding to the display data are output. 

CL2 1 I Controller Shift clock of display data (D). 

Failing edge triggered. 

D0-D3 4 I Controller Input of 4-bit display data (D) 

Liquid Crystal Liquid Crystal 
D Driver Output Display 



1 


Selection On 


(High level) 


level 





Non-selection Off 


(Low level) 


level 


Truth table (Positive logic) 


SHL 


Input data and latch circuit 1 





D 3 -M ->5->9~~»73-->77 




D 2 ->2 "» 6 -MO ~ -» 74 ->78 




Di ->3-»7-M1 ~-»75->79 




D -M-»8-M2~-->76--»80 
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i «i in ma i 

Name 


nuinifVi ui 

Terminals 


WVllll Vw IV u 

I/O to 


Functions 








Truth table (Positive logic) (cont) 

SHL Input data and latch circuit 1 








1 D 3 -» 80 76 -> 72 - -» 8 -> 4 
D 2 ^79"> 75->71 ~--*7->3 
Di ->78->74-^70-->6-^2 
D -»77 ->73 ->69 — ->5 -> 1 








ex: When SHL * 0, the data that is input to D3 is 
latched to each bit of the latch circuit 1 in order of 1 -* 5 -> 
9--*77. 


SHL 


1 


1 VccorGND 


Selects a shift direction of display data. 


E 


1 


1 GNDorthe 
terminal CAR 
of the 
HD61104 


Enable input. 

The operation stops at high level, and is enabled at low 
level. 


/sin 

CAR 


1 


O Input 

terminal E of 
the HD61104 


Enable output. 

Used for cascade connection. 


NC 


3 




Unused. No wire should be connected. 
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Typical Application 

Figure I is an LCD panei with 200 x 640 dots on which characters are displayed with i/200 duty cycle 
dynamic drive. 



COM1- 
COM2- 
COM3- 



COM199- 
COM200- 



Y1 Y2 Y80 
HD61104 (No. 1) 

dP' 

5c = 3 « |< 

HU CO SOOQ° IP 



IT 



MO- 
CLI O- 
CL2 0- 
DATAO- 



Y1 



Y2 Y80 
HD61104 (No. 2) 



I -33 jp < 



liiJ CO S O O Q 



I 



1, 
1 


1, 
2 




1, 
80 


1, 
81 


1, 
82 




1, 

160 








1, 

640 


2, 
1 


2, 
2 




2, 
80 


2, 
81 


2, 
82 




2, 

160 






2, 

640 


3, 
1 


3, 
3 




3, 
80 














3, 

640 








L 


CD Pa 


inel (2 


00« 640 Do 


ts) 








199, 
1 


199, 
2 




199, 
80 














199, 
640 


200, 
1 


200, 
2 




200, 
80 


200, 
81 


200, 
82 




200, 
160 






200, 
640 



Y1 



Y80 



5 liu CO 

C—JT 



HD61104 (No. 8) 
d° 

K 23 'o \< 
SOOCT IP 



Figure 1 200 x 640 Dot LCD Panel Example 

Cascade eight HD61104s. Input data to the Do— D 3 terminals of Nos. 1-8. Connect E of No. 1 to GND. 
Connect no lines to CAR of No. 8 . Connect common signal terminals (COM1-COM200) to the 
common driver HD61105. (m^i) of LCD panel is the address corresponding to each dot. Figure 2 shows 
timing. 
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CL1 
CL2 

CAR (No. 1) 
CAR (No. 2) 
CAR (No. 3) 
CAR (No. 4) 
CAR (No. 5) 
CAR (No. 6) 
CAR (No. 7) 
CAR (No. 8) 



1,77- 80 
U — 



1,157-160 



1,237-240 



DOCX 
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M J~ 
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77- 77- 

j 60 80 
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drive 
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HD61 1 65, H D61 1 0BA— 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD61105, HD61105A is a common signal 
driver for dot matrix liquid crystal graphic 
display systems. It provides 80 driver output 
lines and the impedance is low enough to 
drive a large screen. 

As the HD61105, HD61105A is produced in a 
CMOS process, it is fit for use in portable 
battery drive equipments utilizing the liquid 
crystal display's low power consumption. 



Features 

• Dot matrix liquid crystal graphic display 
common driver with low impedance 

• Internal liquid crystal display driver cir- 
cuit: 80 circuits 

• Display duty ratio factor: 1/64—1/200 

• Internal 80-bit shift register 

• Power supply for logic circuit: 5 ± 10% 

• Power supply for LCD drive circuits: 
—10 to 26 V (HD61105) 

—10 to 28 V (HD61105A) 

• CMOS process 

• 100-pin plastic QFP (FP-100) 

Ordering Information 

LCD Driving 
Type No. Level (V) Package 

HD61105 10 to 26 100 pin 

— plastic 

HD61105A 10 to 28 QFP (FP-100) 



HD61105TF 10 to 28 100 pin 

plastic 

T-QFP (TFP-100) 



Pin Arrangement 
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FP-100/TFP-100 
(Top View) 
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Block Diagram 



V CC - 
GND- 
V EE - 



Dl- 



SHL- 



CL— . 
FCSh 



Logic 



X-| X2 X3 



80 output terminals 



X?8 X 79 X 8 o Vi V2 V 5 V 6 



Liquid crystal 
display driver circuit 



78 



79 



80 













Bidirectional 
shift register 








Logic 




r 


1 


2 


3 


78 


79 


80 



Logic 



"DO 



Absolute maximum ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1) 


V CC 


- 0.3 to + 7.0 


V 


2 


Supply voltage (2) 


HD61105 V EE 


V C c - 28.0 to V C c + 0.3 


V 


5 


HD61105A 


V C c - 28.5 to V C c .+ 0.3 






Terminal voltage (1) 


Vrt 


- 0.3 to V C c +0.3 


V 


2, 3 


Terminal voltage (2) 


Vr 2 


V EE - 0.3 to V C c +0.3 


V 


4, 5 


Operating temperature 


Topr 


- 20 to + 75 


°c 




Storage temperature 


Tstg 


- 55 to + 125 


°c 





Notes: 1. LSIs may be permanently destroyed if used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referred to GND = V. 

3. Applies to input terminals except V1, V2, V5, and Vs. 

4. Applies to V1, V2, V5, and vV 

5. Vcc ^ V1 ^ Ve ^ V5 ^ V2 ^ Vee must be maintained. 
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Electrical Characteristics 
DC Characteristics 

(Vcc = 5 V ± 10%, GND = V, Vcc - Vee = 10 to 26 V (HD61105), Vcc - Vee = 10 to 28 V 
(HD61105A), T a = - 20 to + 75 C) 



Specifications 



Test Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V, H 


0.7 x V cc 


- 


Vcc 


V 




1 


Input low voltage 


V, L 


GND 


- 


0.3 x V CC 


V 




1 


Output high voltage 


V 0H 


Vcc - 0.4 






V 


Ioh = - 0.4mA 


2 


Output low voltage 


Vol 




_ 


0.4 


V 


Iol ~ 0.4mA 


2 


Vi— Xj on resistance 


Ron 






2.0 


ka 


Vcc - V EE = 10V 
Load current 
± 150 M A 


5 


Input leakage current 


l|L1 


- 1.0 




1.0 




V|N = to Vcc 


3 


Input leakage current 


'lL2 


- 25 




25 




Vin = V E e to Vcc 


4 


Clock frequency 


fCL 






100 


kHz 


Transfer clock CL 




Dissipation current (1) 


Iggi 






200 


M 


at 1/200 duty 
cycle operation 


6 


Dissipation current (2) 


Iee 






100 


MA 


at 1/200 duty 
cycle operation 


7 



Notes: 1 . Applies to input terminals FCS, SHL, Dl, M, and CL. 

2. Applies to output terminal of DO. 

3. Applies to the terminals NC, and the input terminals FCS, SHL, Dl, M, and CL. 

4. Applies to Vi, V2, V5, and Ve. No wire should be connected to Xi— Xso- 

5. Resistance value between terminal X (one of X1 to Xso) and terminal V (one of V1 , V2, V5, 
and Ve) when load current is applied to one of terminals X1 to Xso- This value is specified 
under the following conditions: 



V C c-V EE =26V 

V1, V 6 =Vcc-1/10(V C c-V EE ) 

V 2 , V 5 =V EE +1/10 (V C c-V EE ) 




O Terminal X 
(X1 -"Xso) 



The following is a description of the range of 
power supply voltage for liquid crystal dis- 
play drives. Apply positive voltage to Vi and 
V6, and negative voltage to V2 and V5, within 



the AV range. This range allows stable 
impedance on driver output (Ron). Notice 
that AV depends on power supply voltage 
Vcc — Vee* 
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10 26 

Vcc-Vee (V) 



Correlation between Driver Output Correlation between Power Supply Voltage 
Waveform and Power Supply Voltages for Vcc— Vee and AV 
Liquid Crystal Display Drive 

6. The currents flowing through the GND terminal. Specified when display data is transferred 
under following conditions: 

CL frequency fci_ = 1 4kHz (data transfer rate) 

M frequency fM = 35 Hz (frame frequency /2) 1/200 

Display duty ratio 

V, H = Vcc, Vil = GND 

No load on outputs 

7. The currents flowing through the Vee terminal in the conditions of note 6. No line should be 
connected to the V terminal. 
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AC Characteristics (V cc = 5 V ± 10%, GND = 0V,T.= - 20 to + 75 C) 



CL 

(FCS « GND) 
(shift clock) 



CL 

(FCS = V cc ) 
(shift clock) 



DO 

output data 



^r0.7V cc j c \ . *wli , JC 

V*** t \ * '* tWH ' 




*WH2 



tDH 



x 



tDHW 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Clock low level width (FCS - GND) 


tWL1 


5.0 






MS 




Clock high level width (FCS - GND) 


tWH1 


125 






ns 




Clock low level width (FCS = Vcc) 


tWL2 


125 






ns 




Clock high level width (FCS = Vcc) 


tWH2 


5.0 






MS 




Data setup time 


tos 


100 






ns 




Data hold time 


tDH 


100 






ns 




Output delay time 


tDD 






3.0 


MS 


1 


Output hold time 


tDHW 


100 






ns 




Clock rise time 


tr 






30 


ns 




Clock fall time 


tf 






30 


ns 





Note: 1 . The following load circuits are connected for specification: 
Output terminal o — 



~L 30 pF (including jig capacitance) 

777 
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HD61105, HD61105A 



Terminal Configuration 
Input Terminal 

Applicable Terminals: DI, CL, SHL, FCS, M 





Vcc 

-jf^PMOS 


o 


^[^-jNMOS 



Output Terminal 

Applicable Terminal: DO 


V cc 

PMOsl-ij-i 

O ' ■ 




NMOS|-jpH 





Output Terminal 

Applicable Terminals: Xi— Xso 
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Block Diagram 



V CC - 



GND-* 
V EE -« 



CU 



FCS-*" 



Logic 



Logic 



Xi X 2 X 3 X78 X 79 Xso Vi V 2 V 5 V € 

80 output terminals 1 1 . 1 1 ^ I 



114 



Liquid crystal 
display driver 
circuit 



Level shifter 



Bidirectional 
shift register 
SR 



78 



79 



80 



78 



79 



80 



Level 
shifter 



Logic 



•DO 
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HD61105, HD61105A 



Block Functions 

Bidirectional Shift Register 

This is a 80-bit bidirectional register. The data 
from the DI terminal is shifted by the shift 
clock CL. The output terminal DO outputs the 
last shifted data. In case of serial cascade 
connection, terminal DO functions as the data 
input to the next LSI. Terminal SHL selects 
the data shift direction (table 1), and the 
terminal FCS selects the shift clock phase 
(table 2). 



Liquid Crystal Display Driver Circuit 

The combination of the data from the shift 
register with M signal allows one of the four 
liquid crystal display driver levels VI, V2, V5, 
and V6 to be transferred to the output ter- 
minals (table 3). 



Table 1 SHL Truth Table 



(Positive Logic) 



SHL 



Data Shift Direction 



1 


DI - SR1 -» SR2 - 


SR3 


SR79 -> SR80 -+ DO 





DI - SR80 -+ SR79 


- SR78 


• • SR2 - SR1 - DO 


Table 2 


FCS Truth Table 






FCS 


Shift Clock Phase 









Shifted at the falling edge of CL 




1 


Shifted at the rising e< 


ige of CL 




Table 3 


M Truth Table 






Data from the Shift Register 


M 


(Positive Logic) 

Output level 










v 5 


1 







Vi 







1 


v 6 


1 




1 


v 2 
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HD61105 Terminal Functions 




Name 


AS umber of 
Terminals 


I/O 


Connected 
to 


Functions 


Vcc 

GND 

V EE 


1 

I 

1 
1 




Power 
supply 


Vcc — GND: Power supply for internal logic 
Vcc — Vee: Power supply for LCD drive circuit 


Vi 

v 2 
v 5 
v 6 


4 




Liquid 
crystal 
drive 

level power 
supply 


Power supply for liquid crystal drive 
Vi, V2: selection level 
V5, Vb: non-selection level 


FCS 


1 


I 


Vcc or GND 


Selects shift clock phase. 

FCS = Vcc Shift register operates at the rise of CL 
FCS = GND Shift register operates at the fall of CL 


M 


1 


I 


Controller 


Signal to convert LCD driver signal into AC 




1 


I 


Controller 


Shift clock 

FCS = Vcc Shift register operates at the rise of CL 
FCS = GND Shift register operates at the fall of CL 


Dl 


1 


I 


Controller or 
terminal DO of 
HD61105 


Shift register data input 

In case of cascade connection, the terminal Dl is connected 
to the terminal DO of the preceding LSI. 


DO 


1 





Open or 
terminal Dl of 
HD61 105 


Shift register data output 

In case of cascade connection, the terminal DO is con- 
nected to the terminal Dl of the next LSI. 


SHL 


1 


I 


Vcc or GND 


Selects shift direction of bidirectional shift register. 

SHL Shift Direction Common Scanning 

Direction 

Vcc DI->SR1 -+SR2-*SR80 Xi->X 8 o 
GND DI^SR80-»SR79^SR1 X 8 o^Xi 


Xi — X80 


80 





Liquid 
crystal 
display 


Liquid crystal display driver output 

Outputs one of the four liquid crystal display driver levels 
Vi, V2, V5, and V6 with the combination of the data from 



the shift register and M signal. 




Data 1 : Selection level 

Data 0: Non-selection level 
When SHL is Vcc, X1 corresponds to COM1 and Xso corre- 
sponds to COM80. 

When SHL is GND, Xso corresponds to COM1 and X1 
corresponds to COM 80. 



NC 7 Open Unused. 

No line should be connected. 
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Outline of HD61105 System Configura- 
tion 

When display duty ratio of LCD is 1/80 



Controller - 



HD61105 



Controller ■ 



LCD 



80 

— v- 



C0M1 



C0M80 









LCD 


HD61105 


(1) 


80 


C0M1 


Upper 




\ - 


C0M80 




* 






C0M1 






HD61105 


(2) 


80 


Lower 




\ - 


C0M80 





When display duty ratio of LCD is 1/100 



Controller - 



Controller 



HD61105 


(1) 


*■ 


HD61105 


(2) 




HD61105 


(D 


* 


HD61105 


(2) 


* 


HD61105 


(3) 



80 

-v- 



20 



80 
-V- 



20 



60 



40 

-V- 



C0M1 



COM 100 



LCD 



LCD 


C0M1 




Upper 




COM 100 




C0M1 




Lower 




COM 100 
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When display duty ratio of LCD is 1/160 



Controller - 



1 



LCD 



HD61105 
(D 

~» 



80 



HD61105 
(2) 



80 

-V- 



C0M1 



COM 160 



When display duty ratio of LCD is 1/160 



Controller - 



HD61105 
(1) 

~I 



HD61105 
(2) 

1 



HD61105 
(3) 

1 



HD61105 
(4) 



80 

-v- 



80 

-V- 



80 

-v- 



80 

-V- 



LCD 



C0M1 






Upper 


COM 160 




C0M1 






Lower 


COM 160 
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HD61105, HD61105A 



When display duty ratio of LCD is 1/200 



Controller - 



Controller - 



HD61105 


(D 




HD61105 


(2) 




HD61105 


(3) 




HD61105 


(D 


* 


HD61105 


(2) 




HD61105 


(3) 


* 


HD61105 


(4) 




HD61105 


(5) 



80 
--V- 



80 

-v- 



40 

-v- 



80 

~v- 



80 
— V- 



40 



40 



80 

-v- 



80 



LCD 



C0M1 



C0M200 



LCD 



C0M1 






Upper 


COM200 




C0M1 






Lower 


COM200 
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Example of Connection 

1/200 duty ratio 



+5Vo- 



-20VO- 



0VO- 



V CC 



Open 





M 


Controller 


CL 




Dl 




V CC 

V, 

V 6 

V 5 

V 2 

V EE 

GND 

M 

CL 

Dl 

DO 



V cc 






Vi 




x, 


v 6 






v 5 






V 2 


(No 




V EE 


in 




GND 


O 




M 




^80 


(O 


CL 


Q 
I 




Dl 




SHL 


DO 




FCS 




V CC 




Xi 


Vi 






v 6 






v 5 






V 2 


6 
z 




V EE 


IT) 




GND 


o 


Xso 


M 


CO 




CL 


Q 
I 




Dl 




SHL 


DO 




FCS 



Vcc 

Li 



Vcc 



Xi 
I 

I 
I 

X40 

X41 
I 

I 
I 

X80 



SHL 
FCS 



V CC 
-J 

h 



LCD 



COM1 



COM80 
COM81 



COM 160 

COM 161 

1 
i 

COM200 



Note: 1 . The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/1 5, the values of R1 and R2 should satisfy 

For example, R1 = 3 KCl, R2 = 33 KQ 



R1 



1_ 

4R1+R2~15 



Figure 1 Example of Connection (SHL = Vcc, FCS = GND) 
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j9||OJiuoo (t on) 90U9QH {Z ON) 90U9QH (£ ON) 90U9QH 



Figure 2 Waveform Example 
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HD61105, HD61105A 



+ 5V 



-12V 



OV 




LCD 



COM1 

! 






Upper 


COM80 




COM81 
i 




COM 100 




C0M1 




C0M60 


Lower 


C0M61 




COM 100 







M 


Controller 


CL 




Dl 



Note: 1 . The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1 /1 1 , the values of R1 and R2 should satisfy 

R1 1 
4R1+R2 11 

For example, R1 = 3 KO, R2 = 21 KO 



Figure 3 Example of Connection 1 (SHL = Vcc, FCS = GND) 
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3^ 




r 



3^ 





j8||OJiuoo (i on) 901 19QH (Z on) 90U9QH (€ on) 90U9QH 



Figure 4 Waveform Example 
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HD61105, HD61105A 



+ 5VO- 



-12VO- 



OV O- 



V CC 




AAAr- 




Contrast 



GND 



15Q 



Open - 





M 


Controller 


CL 




Dl 



V cc 




Xso 
| 






v 6 






v 5 




! 


V 2 


(No 




V EE 


If) 




GND 


o 




M 


CO 


Xi 


CL 


Q 
I 


Dl 




SHL 


DO 




FCS 



V cc 



I 
i 

X 61 

X60 



E Xi 



SHL 
FCS 



X80 



CO 


X41 


(No 


X40 


LO 


1 

1 


o 


1 


CO 


1 

x t 


Q 




X 






SHL 




FCS 



Vcc 

bJ 



LCD 



C0M1 



Upper 



COM80 
COM81 



COM 100 
COM1 



Lower 



COM60 
COM61 



COM 100 



Note: 1 . The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/11, the values of R1 and R2 should satisfy 

R1 _ 1 
4R1+R2~11 

For example, R1 = 3 KC1, R2 = 21 KC1 



Figure 5 Example of Connection 2 (SHL = GND, FCS = Vcc) 
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J9||OJlUOQ 



(L on) 90U9QH 



[Z on) 90U9QH 



(S on) 90U9C]H 



Figure 6 Waveform Example 
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H D61 200 — 

(LCD Driver with 80-Channel Output) 



Description Features 

The HD61200 is a column driver LSI for a large- • Liquid crystal display driver with serial/parallel 
area dot matrix LCD. It employs 1/32 or more duty conversion function 

cycle multiplexing method. It receives serial • Internal liquid crystal display driven 80 drivers 
display data from a micro controller or a display • Drives liquid crystal panels with 1/32-1/128 
control LSI, HD61830, etc., and generates liquid duty cycle multiplexing 

crystal driving signals. • Can interface to LCD controllers, HD6 1830 

andHD61830B 

• Data transfer rate: 2.5 MHz max 

• Power supply: Vcc* 5 V ± 10% (Internal 
logic) 

• Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 

• CMOS process 

• 100-pin flat plastic package (FP-100) 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


2 


Supply voltage (2) 


v EE 


V CC -19.0 to V cc + 0.3 


V 




Terminal voltage (1) 


V T 1 


-0.3 to V C c + 0.3 


V 


2,3 


Terminal voltage (2) 


v T2 


V EE - 0.3 to Vcc + 0.3 


V 


4 


Operating temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


Tstg 


-65 to +125 


°c 





Notes: 1 . LSIs may be permanently destroyed if being used beyond the absolute maximum ratings. In 
ordinary operation, it is desirable to use them within the limits of electrical characteristics, 
because using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND - V. _ 

3. Applies to input terminals, FCS, SHL, CL1 , CL2, DL, DR, E, and M. 

4. Applies to V^, V 1R , V 2 l, V 2 r, V 3L , V 3 r, V 4 l, and V 4 r. Must maintain 
Vcc^V 1l *V 1r ^V3 L «V3r^V 4 l.V 4 r>V 2L -V 2R >V ee . 
Connect a protection resistor of 1 5 Q ± 1 0% to each terminal in series. 
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HD61200 



Pin Arrangement 



^c\ico^iocor^coo)OT-cvico^u><Dr^oog>o 



Y30| 

Y29[ 

Y28| 

Y27[ 

Y26[ 

Y25| 

Y24[ 

Y23| 

Y22[ 

Y21 I 

Y20[ 

Y19[ 

Y18[ 

Y17[ 

Y16( 

Y15[ 

Y14[ 

Y13[ 

Y12[ 

Y11 

Y10[ 

Y9 

Y8 

Y7 

Y6 

Y5 

Y4 

Y3 

Y2 

Y1 



JY51 
]Y52 
]Y53 
]Y54 
]Y55 
]Y56 
]Y57 
]Y58 
]Y59 
]Y60 
]Y61 
]Y62 
]Y63 
]Y64 
]Y65 
]Y66 
]Y67 
]Y68 
]Y69 
]Y70 
]Y71 
]Y72 
]Y73 
)Y74 
]Y75 
]Y76 
]Y77 
]Y78 
]Y79 
Y80 



WBmaMBBB&emamm 



H4-j-j-i-j5^^^cn . „■ |5 o tr tr tr tr 

UJ t- CM CO it^-JCJ-L-J-JuL.. ^ O ^ CO CM t- 



(Top view) 
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HD61200 



Electrical Characteristics 
DC Characteristics 



(V C c = 5 V ± 10%, GND = 


V, V C c 


- VEE 


= 8 V to 17 V, Ta 


= -20 to 75°C) 




Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V, H 


0.7 x Vcc 


— 


Vcc 


V 




1 


Input low voltage 


V|L 








0.3 x 

Vcc 


V 




1 


Output high voltage 


VOH 


V C C -0.4 


— 




V 


Iqh»400uA 


2 


Output low voltage 


Vol 






, 0.4 


V 


Iql ■ 400 uA 


2 


Driver on resistance 








7.5 


kft 


Load current - 
100 uA 


5 


Input leakage current 


I|L1 


-1 




1 


uA 


ViN-OtoVoc 


1 


Input leakage current 


'lL2 


-2 




2 


uA 


V| N -V EE toVcc 


3 


Dissipation current (1 ) 


Ignd 






1.0 


mA 




4 


Dissipation current (2) 


Iee 






0.1 


mA 




4 



Notes: 1. Applies to CL1 , CL2, SHL, E, M, DL, and DR. 

2. Applies to CAR. 

3. Applies to V 1L , V 1R> V 2L , V 2R , V 3L , V 3Rf V 4L , and V 4R . 

4. Specified when display data is transferred under following conditions: 
CL2 frequency fcP2 - 2.5 MHz (data transfer rate) 

CL1 frequency fcpi * 4.48 kHz (data latch frequency) 
M frequency *m » 35 Hz (frame frequency/2) 
Specified at Vm * Vcc (V), Vil » V and load on outputs. 
Iqnd : currents between Vcc and GND. 
Iee: currents between Vcc and Vee. 

5. Resistance between terminal Y and terminal V (one of Vu_, Vi Rl V2L» V2 Rf V3L, V3 R> V4L, and 
V 4R when load current flows through one of the terminals Y1 to Y80. This value is specified 
under the following condition: 

Vcc-Vee -17V 

Vu - v 1R> v 3L . v 3R « v cc - 2/7 (v cc - v EE ) 
v 2L = v 2R> v 4L = v 4R = v EE +2/7 (V cc - v EE ) 




o Terminal Y 
(Y1-Y80) 
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The following here is a description of the range of power supply voltage for liquid crystal display drivers. 
Apply positive voltage to Vil = V 1R and V3L = V3 R and negative voltage to V 2 l = V2R and V 4L = V 4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice the AV depends 
on power supply voltage Vcc- v ee- 



AV 



AV 



V1 (V 1L . 
V3(V 3L . 



-V4(V 4L . 

-V2(V 2L . 
V EE 



Correlation between Driver Output 
Waveform and Power Supply Voltages 
for Liquid Crystal Display Drive 



V1R) 
V 3 R) 



— 5.5 
> 



V4R) 
V 2 R) 



Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Ycc-Vee(V) 

Correlation between Power 
Supply Voltage V cc - V EE and A V 
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HD61200 



Terminal Configuration 

input Terminal 



Vcc 
rlMPMOS 



-j^jNMOS 



Applicable terminalsj 
CL1.CL2, SHL, E, M 



Input Terminal (with Enable) 

Vcc V CC 



Applicable terminals: DL, DR 



HH PMOS DL o- 




Enable 



Output Terminal 



DR O- 



SHLC 



PMOS 



Vcc 



Applicable terminal: CAR 



NMOS 



Output Terminal 



Applicable terminals: 
Y1-Y80 



■T- 

Vcc 



PMOS 



ov 1L ,v 1R 



T PMOS w 
— ° V 3 L. V3R 

Vcc 

Vee 

Vee 
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HD61200 



AC Characteristics 

(V cc = 5 V ± 10%, GND = V, Ta = -20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit Test Condition Note 


Clock cycle time 


tcYC 


400 






ns 


Clock high level width 


ICWH 


150 




"" 


ns 


Clock low level width 




150 






ns 


Clock setup time 


tsCL 


100 






ns 


Clock hold time 


*HCL 


100 


*■*■"" 




ns 


Clock rise/fall time 


*Ct 






30 


ns 


Clock phase different time 


tCL 


100 






ns 


Data setup time 


tosu 


80 






ns 


Data hold time 




100 






ns 


E setup time 




200 






ns 


Output delay time 


Idcar 






300 


ns 1 


M phase difference time 








300 


ns 


Note: 1 . The following load circuit is connected for specification: 



tct tct 

CWH ~« 



test point »- 



CL1 
CL2 



30 pF 



dl < dr > X 

CL1 V,H 



. -tcWH"*l ^-tcWL 
tct tct 



CL2 



P 



VlL 



V| Hl 



M 









VlH 















tESU 



tcM 





• "I* tL)H -* 




X 


! V, H 




VlL 


■■■-%P^P\ 

'i'dcarX Vol 


\JAP\ 


\ tESU 





HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 355 



ViL v 2LV 3 lV 4 L Y1Y2 



Y80 V 1R V 2R V 3R V 4R 



Liquid crystal display 
driver circuit 



80 



77 



78 



79 



80 



1 


2 


3 


4 


5 


6 


7 


8 


Late 
80 b 


tic 
►its 


circuit 2 


77 


78 


79 


80 




















80 


■ 










— I 

1 


i 

2j3 


4 


5|6|7 


8 


Latch circuit 1 
4 bit x 20 


I i i 
77j78j79j80 



S/P 



3t 



31 



01 



02 



Selector 



-Test input 



S R 

7 



I 



^ I2O 



20 



Counter 



-Control circuit 



HD61200 



Block Function 

Liquid Crystal Display Driver Circuit 

The combination of the data from the latch circuit 2 
and M signal causes one of the 4 liquid crystal 
driver levels, VI, V2, V3, and V4 to be output. 

80-bit Latch Circuit 2 

The data from latch circuit 1 is latched at the fall of 
CL1 and output to liquid crystal display driver 
circuit. 

S/P 

Serial/parallel conversion circuit which converts 1- 
bit data into 4-bit data. When SHL is low level, 
data from DL is converted into 4-bit data and 
transferred to the latch circuit 1. In this case, don't 
connect any lines to terminal DR. 

When SHL is high level, input data from terminal 
DR without connecting any lines to terminal DL. 

80-bit Latch Circuit 1 

The 4-bit data is latched at <>1 — <|>20 and output to 
latch circuit 2. When SHL is low level, the data 
from DL are latched in order of l-»2-*3 ... -»80 of 
each latch. When SHL is high level, they are 
latched in a reverse order (80-*79->78 ... 



Selector 

The selector decodes output signals from the 
counter and generates latch clock $1 to <t>20. When 
the LSI is not active, $l-$20 are not generated, so 
the data at latch circuit 1 is stored even if input data 
(DL, DR) changes. 

Control Circuit 

Controls operation: When E-F/F (enable F/F) 
indicates 1, S/P conversion is started by inputting 
low level to E. After 80-bit data has been all 
converted, CAR output turns into low level and E- 
F/F is reset to 0, and consequently the conversion 
stops. E-F/F is RS flip-flop circuit which gives 
priority to SET over RESET and is set at high 
level of CL1. 

The counter consists of 7 bits, and the output 
signals upper 5 bits are transferred to the selector. 
CAR signal turns into high level at the rise of 
CL1. The number of bits that c an be S/P-converted 
can be increased by connecting CAR terminal with 
E terminal of the next HD61200. 
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Terminal Functions Description 
Terminal Number of Connected 

Name Terminals I/O to Functions _^ __ 

Vcc 1 Power Vcc - GND: Power supply for internal logic 

GND 1 su PP'y Vcx5-V EE : Power supply for LCD drive circuit 

Vee 1 . 

Vil~V 4 l 8 Power Power supply for liquid crystal drive. 

V 1FT" V 4R suPP'y V 1L (V 1R ), v*2L (V 2R ): Selection level 

V3L (V3R), V 4 |_ (V 4 r): Non-selection level 

Power supplies connected with V 1L and V 1 R (V 2 |_ & V 2 r, 
V 3 |_ & V 3 r, V 4 l & V 4H ) should have the same voltages. 

Y1-Y80 80 O LCD Liquid crystal driver outputs. 

Selects one of the 4 levels, V1 , V2 V3, and V4. 

Relation among output level, M, and display data (D) is as 
follows: 

M | 1 I I 

d JTLoJT^^ 
ST |yily3|y2|y4| 

M 1 I Controller Switch signal to convert liquid crystal drive waveform into 

AC. ■ 

CL1 1 I Controller Synchronous signal (a counter is reset at high level). 

Latch clock of display data (falling edge triggered). 

Synchronized with the fall of CL1 , liquid crystal driver 
signals corresponding to the display data are output. 

CL2 1 I Controller Shift clock of display data (D). 

. Falling edge triggered. 

DL, DR 2 f Controller Input of serial display data (D). 

Liquid Crystal Liquid Crystal 



(D) 


Driver Output 


Display 


1 (High level) 


Selection level 


On 


(Low level) 


Non-selection level 


Off 



SHL 1 I Vcc or GND Selects the shift direction of serial data. 

When the serial data (D) is input in order of D1 -» ... -*D80, 
the relations between the data (D) and output Y are as 



follows: 
SHL 


Y1 


Y2 


Y3 


Y80 


Low 


D1 


D2 


D3 


D80 


High 


D80 


D79 


D78 


D1 
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HD61200 



Terminal Functions Description (cont) 



Terminal 
Name 


Number of 
Terminals I/O 


Connected 
to 


Functions 


SHL 
(cont) 


1 I 


Vqc Or oNU 


When SHL is low, data is input from the DL terminal. No 
lines should be connected to the DR terminal. 

When SHL is high, the relation between DL and DR 
reverses. 


IT 


1 I 


GNDorthe 
terminal CAR 
of the 

HD61200 


Controls the S/P conversion. 

The operation stops on high level, and the S/P conversion 
starts on low level. 


GAR 


1 O 


Input terminal Used for cascade connection with the HD61200 to 
E of the increase the number of bits that can be S/P converted. 
HD61200 


FCS 


1 I 


GND 


Input terminal for test. 
Connect to GND. 



Operation of the HD61200 

The following describes an LCD panel with 64 x 240 dots on which characters are displayed with 1/64 duty 
cycle dynamic drive. Figure 1 is an example of liquid crystal display and connection to HD61200s. Figure 2 
is a time chart of HD61200 I/O signals. 
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COM1- 
COM2- 
COM3- 



COM63- 
COM64- 



1, 
1 


1, 
2 




1, 
80 


1, 
81 


1, 
82 




1, 

160 


1, 
161 




1, 

240 


2, 
1 


2, 
2 




2, 
80 


2, 
81 


2, 
82 




2, 
160 


2, 
161 




2, 

240 


3, 

1 

1 


3, 




3, 

ov/ 














3, 

240 








L 


CD Pa 


nel (6 


_ _ _ 
4 * 240 Dots 










63, 
1 


63, 
2 




coo 
coco 














63, 
240 


64, 
1 


64, 
2 




64, 
80 


64, 
81 


64, 
82 




64, 
160 






64, 
240 



Y1 Y2 Y80 
HD61200 (No. 1) 

iujcollSOOQOIcJ 



S^ltI* 



MO 
CL1 O 
CL2 0- 
DATE O- 



Y1 Y2 Y80 

HD61200 (No. 2) 

-J co t- c\i ^.15 
I O _ J J J oc < 
IUJ WLL 2QOQQ P 



0. 

o 



Z 
LU 
Q. 
O 



Y1 



Y80 



HD61200 (No. 3) 

I Q _ J J J CE < 
ILU CO Cl 2 O O Q Q O 



TV 

z z 

LU LU 
CL O. 

o o 



Figure 1 LCD Driver with 64 x 240 Dots 

Cascade three HD6 1200s. Input d ata to the DL terminal of No. 1, No. 2, and No. 3. Connect E of No. 1 to 
GND. Don't connect any lines to CAR of No. 3. Connect common signal terminals (COM1-COM64) to 
X1-X64 of common driver HD61203. (m, n) of LCD panel is the address corresponding to each dot 
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M 

CL1 JTt 



"L 



CL2 T_|lJTJTJT.---J^^ 

CAR(No.1)- J }E(No.2) 

CAR(No. 2) J jg(No.3) 

CAR(No. 3) Jl 
i 

Y1-Y80 x 



M J- 



CL1 




— it — 


n 


CL2 


JlIUL — 


— juuijtjuui — 


— juuinniuui 


DL 


i 


i 


— m$mi 


Y1-Y80 


— 


I : 


X 



n r 


1 n- 


mnnnjuuui — juuui 
BBBBBBBBC — §§§§ 


inii uuinh. 

3BE BBB^t 

l 


x : 


i f 



1 Frame 



■ -i 

CL1 ' I I I I I 



i i I I I I I I 



I I 



I I I i 



ykno.1) DGZXDCIiXiD^ D©<E]>©©^ IXDCXXXDOC 

Y2(No.i) DjGZXiXID^^ ZD®€3€D®®CDCXDCDC IDOOCXDOOC 

Y80(No.i) Dje>©©©€3^ Z)®€B€3€3©OCXIXZ>C DOCXDCXDOC 

Y80(No. 3) ID€3€B€B€i€EKIXXXXI ZJCXIXIXDCDCDC 



Timing chart for example of connection in figure 1 . 

DL input (m, n) is the data that corresponds to each address (m, n) of LCD panel. 



Timing 

chart 

for 

horizontal 
direction 



Timing 

chart 

for 

vertical 
direction 



Timing 

chart 

for 

liquid 

crystal 

display 

driver 

output 



HD61200 



Application Example 



DATE (1)0- 
Mo- 
CL10- 
CL2o- 

DATE(2)0- 



240 dots 



r Yl — Y80 

HD61200 No. 1 



3 
ill 



Y1 — Y80 

HD61200 No. 2 

LU CO U. S O O 5 QIC 



HI 



CO LL O O " Q |g 

HD61200 No. 4 
Y80- Y1 



ill 



I 



Yl ■ • Y80 

HD61200 No. 3 

liiMu-SooS qIo 

TJX 



co u. oo "|3 

HD61200 No. 5 
Y80 ■ Y1 > 



ill 



HD61200 No. 6 
Y80 ■ -Yl 



\ 



) 
\ 



n 

11 

<D 



Figure 3 Example of 128 x 240 Dot Liquid Crystal Display (1/64 duty cycle) 

The liquid crystal panel is divided into upper and lower parts. These two parts are driven separately. 
HD61200s No. 1 to No. 3 drive the upper half. Serial data, which are input from the DATA (1) terminal, 
appear at Yi -> Y 2 -* - Y 80 terminal of No. 1 , then at Yi -> Y 2 -+ - Y 80 of No. 2 and then at Yi-* Y 2 -* 
Ygo of No. 3 in the order in which they were input (in the case of SHL = low). HD61200s No. 4 to No. 
6 drive the lower half. Serial data, which are input from DATA (2) terminal, appear at Y%o -> Y79 -* - Yi 
of No. 4, then at Ygo ~* Y79 -* - Yi of No. 5 and then Ygo -* Y79 -» ~ Yi of No. 6 in the order in which 
they were input (in the case of SHL = high). 

As shown in this example, a PC board for a display divided into upper and lower half can be easily designed 
by using the SHL terminal effectively. 
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HD61 202 

(Dot Matrix Liquid Crystal Graphic 
Display Column Driver) 



Description 

HD61202 is a column (segment) driver for dot 
matrix liquid crystal graphic display systems. It 
stores the display data transferred from a 8-bit 
micro controller in the internal display RAM and 
generates dot matrix liquid crystal driving signals. 

Each bit data of display RAM corresponds to the 
on/off state of a dot of a liquid crystal display to 
provide more flexible than character display. 

As it is internally equipped with 64 output drivers 
for display, it is available for liquid crystal graphic 
display with many dots. 

The HD61202, which is produced in the CMOS 
process, can complete portable battery drive 
equipment in combination with a CMOS micro- 
controller, utilizing the liquid crystal display's low 
power dissipation. 

Moreover it can facilitate dot matrix liquid crystal 
graphic display system configuration in 
combination with the row (common) driver 
HD61203. 



Features 

• Dot matrix liquid crystal graphic display 
column driver incorporating display RAM 

• RAM data direct display by internal display 
RAM 

RAM bit data 1: On 
RAMbitdalal:Off 

• Internal display RAM address counter preset, 
increment 

• Display RAM capacity: 512 bytes (4096 bits) 

• 8-bit parallel interface 

• Internal liquid crystal display driver circuit* 64 
Display duty cycle: 

Drives liquid crystal panels with 1/32-1/64 
duty cycle multiplexing 

• Wide range of instruction function: 

Display Data Read/Write, Display On/Off, Set 
Address, Set Display Start Line, Read Status 

• Lower power dissipation: during display 2 mW 
max 

• Power supply: V C c: 5 V ± 10% 

• Liquid crystal display driving voltage: 8 V to 
17.0 V 

• CMOS process 

• 100-pin flat plastic package (FP-100) 
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Absolute Maximum Ratings 



iiem 


Symbol 


Value 


Unit 


Note 


Supply voltage 


Vcc 


-0.3 to +7.0 


V 


2 




v EE1 
v EE2 


V cc -19-0 to Vcc + 0.3 


V 


3 


Terminal voltage (1) 


Vti 


V EE - 0.3 to Vcc + 0.3 


V 


4 


Terminla voltage (2) 


VT2 


-0.3 to Vcc + 0.3 


V 


2,5 


Operating temperature 


Topr 


-20 to +75 


°C 




Storage temperature 


Tstg 


-65 to +125 


°C 





Notes: 1 . LSIs may be destroyed if they are used beyond the absolute maximum ratings. 

In ordinary operation, it is desirable to use them within the recommended operation 
conditions. 

Using them beyond these conditions may cause malfunction and poor reliability. 

2. All voltage values are referenced to GND * V. 

3. Apply the same supply voltage to V EE1 and V EE2 . 

4. Applies to V1 L, V2L, V3L, V4L, V1 R, V2R, V3R, and V4R. 

Maintain 

Vcc^V1L-V1R>V3L«V3R>V4L-V4R>V2L»V2R>V EE 

5. Applies to M, FRM, CL, RST, ADC, <>1 , <|>2, CS1 , CS2. CS3, E, R/W, D/l, and DB0-DB7. 
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HD61202 



Pin Arrangement 



2 

cc 



HI 



W J ~ ' 

-o- -©- O Q I 



OZZZOOOQQQ 



illiililiiliiiiSllililllS 



ADC I 
M 

Vcc 
V4R 
V3R 
V2R 
V1R 

V E E2l 

Y64 

Y63 

Y62 

Y61 

Y60 

Y59 

Y58 

Y57 

Y56 

Y55 

Y54 

Y53 

Y52 

Y51 

Y50 

Y49 

Y48 

Y47 

Y46 

Y45 

Y44 

Y43 



|DB1 
IDBO 
| GND 
| V4L 
| V3L 
I V2L 
I V1L 

|V EE 1 
I Y1 
|Y2 
|Y3 
|Y4 
|Y5 
|Y6 
I Y7 
|Y8 
|Y9 
| Y10 
|Y11 
I Y12 
I Y13 
| Y14 
I Y15 
|Y16 
| Y17 
| Y18 
|Y19 
|Y20 
| Y21 
Y22 



00 




o 




3 


to 



W t- O O) CO N 



>->->->->->->->->■>->->->->- 



(Top view) 
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Electrical Characteristics 

(GND = V, V C c = 4.5 to 5.5 V. V cc - V E e = 8 to 17.0 V, Ta s -20 to 
+75°C) 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage 


V|HC 


0.7 x Vcc 




Vcc 


V 




1 




V|HT 


2.0 




Vcc 


V 




2 


Input low voltage 


V|LC 





— 


0.3 x Vcc 


V 




1 




V ILT 


A 

u 




U.o 


V 




o 

c. 


C^i itr\i it hinh i/nltanA 

wuipui mgn voiiayo 


Vnu 

v OH 


A 






V 


U. - —905 11 A 
•OH 


Q 
O 


Output low voltage 


Vol 




— 


0.4 


V 


Iol« 1.6 mA 


3 


Input leakage current 


«il 


-1.0 




+1.0 


uA 


Vin - GND-Vcc 


4 


Three-state (off) 
input current 


J TSL 


-5.0 




+5.0 


uA 


Vin»GND-Vcc 


5 


Liquid crystal supply 
leakage current 




-2.0 




+2.0 


MA 


Vin.V EE -Vcc 


6 


Driver on resistance 


Ron 






7.5 


kn 


Vcc-V EE -15V 

i'LOAD -0.1mA 


8 


Dissipation current 


Iced) 






100 


pA 


During display 


7 




..be P) 






500 


uA 


During access 
access cycle = 1 MHz 


7 



Applies to M, FRM, CL, RST, »1 , and <j>2. 

Applies to CS1,CS2,CS3,E,FIW,D/I, and DB0-DB7. • 

Applies to DB0-DB7. 

Applies to terminals except for DB0-DB7. 

Applies to DB0-DB7 at high impedance. 

Applies to V1 L-V4L and V1 R-V4R. 

Specified when liquid crystal display is in 1/64 duty cycle mode. 

Operation frequency f C i_K = 250 kHz (<j>1 and <J>2 frequency) 

Frame frequency fM - 70 Hz (FRM frequency) 

Specified in the state of 

Output terminal: not loaded 

Input level: Vih - V C c (V) 
VI L -GND(V) 
Measured at Vcc terminal 

Resistance between terminal Y and terminal V (one of V1L, V1R, V2L, V2R, V3L, V3R, V4L, 
and V4R) when bad current flows through one of the terminals Y1 to Y64. This value is 
specified under the folbwing condition: 
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\fc c -V EE - 15.5 V 
ViL « V 1R , V 3L - V 3R « Vqq - 2/7 (Vqc - V EE ) 
V 2L « V 2R , V 4L - V 4R « V CC+ 2/8 (V cc - V EE ) 



ViL . V 1R 

V 3 L • VjR 

V 4 L . V 4R 

V 2 L . V 2R 




o Terminal Y 
(Y1-Y64) 



A/W- 



The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VIL = V1R and V3L = V3R and negative voltage to V2L = V2R and V4L = V4R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage V C c - V EE . 



AV 



AV 



V1 (V 1L - 

— V3(V 3La 



VlR) 
V 3 R) 



— 5.0 
> 



- V4 (V 4L * 
Z V2(V 2L . 



V EE 



V 4 R) 

v 2 r) 



Range of Power Supply 
Voltage for Liquid Crystal 
Display Drive 




Correlation between Driver 
Output Waveform and Power 
Supply Voltages for Liquid 
Crystal Display Drive 



Vcc-Vee 



Correlation between Power 
Supply Voltage V cc - V EE and AV 
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Terminal Configuration 

Input Terminal 



Vcc 
(Hf^PMOS 



HHNMOS 



AppllcablG term inals : 

M, FRM, CL, RST, <|> 1 , <|> 2, CS1 , CS2, CS3, 
E, R/W, D/l, ADC 



Input/Output Terminal 



v cc 



Applicable terminals: DB0-DB7 



i_ (Input circuit) 
r— IHPMOS 



' — |^NMOS 




(Output circuit) 
[three state]) 



Output Terminal 



-jyi — PMOS QV1L> V1R 
Vcc 

-rp PMQS o V3L, V3R 

Vcc 

-Hp NMQS OV4L.V4R 

Vee 
JOT 



NMOS 



-JJ 1 " mw O V2L, V2R 

V EE 



Applicable Terminals: 
Y1-Y64 
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HD61202 



Interface AC Characteristics 
MPU Interface 

(GND = V, V C c = 4 5 to 5.5 V, Ta = -20 to +75°C) 



item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


E cycle time 


tcYC 


1000 






ns 


1,2 


E high level width 


PWEH 


450 




• 


ns 


1,2 


E low level width 


P WEL 


450 





— 


ns 


1.2 


E rise time 


tr 






25 


ns 


1,2 


E fall time 


tf 






25 


ns 


1,2 


Address setup time 


tAS 


140 






ns 


1,2 


Address hold time 




10 






ns 


1,2 


Data setup time 


tosw 


200 






ns 


1 


Data delay time 


*DDR 






320 


ns 


2,3 


Data hold time (Write) 


trjHW 


10 






ns 


1 


Data hold time (Read) 


*DHR 


20 






ns 


2 



Notes: 1 . 



V r wel- — *y 

o.8 r 



-tcYC- 



R/W 

CS1-CS3 
D/l 

DB0-DB7 



0.8 V\ 

K-tAS- 
2.0 VU 



-PWEH " 



tf- 
tAH- 



2.0 V/ 
0.8 V \ 



r 



»-~t[)HW 

h 



Figure 1 CPU Write Timing 
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Notes: 2. 




DB0-DB7 



Figure 2 CPU Read Timing 



3. DB0-DB7: load circuit 



Test 
point 




RL«2.4kft 
R -11 k« 

C * 130 pF (including jig capacitance) 
Diodes D1-D4 are all 1S2074 (Fj) . 
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flftf*lr Tim inn 

(GND = 0V, V CC = 


4.5 to 5,5 V, 


Ta = 


-20 to +75°C) 












Limit 








Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


♦1 , +2 cycle time 


tcyc 


2.5 




20 


lis 


Fig. 3 


+1 low level width 


*wui 


625 


""""* 


~— " 


ns 


Fig. 3 


+2 low level width 


twL+2 


625 






ns 


Fig. 3 


♦1 high level width 


tWH*1 


1875 






ns 


Fig. 3 


+2 high level width 


l WH*2 


1875 






ns 


Fig. 3 


+1—42 phase difference 


*D12 


625 






ns 


Fig. 3 


4>2 — $1 phase difference 


*D21 


625 






ns 


Fig. 3 


+1.+2 rise time 


tr 






150 


ns 


Fig. 3 


+1, +2 fall time 


tf 






150 


ns 


Fig. 3 




Figure 3 External Clock Waveform 
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Display Control Timing 

(GND = OV, V CC = 4.5 to 5,5 V, Ta = -20 to +75 °C) 



Limit 



Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Test Condition 


FRM delay time 


*DFRM 


-2 




+2 




Fig.4 


M delay time 


*DM 


-2 




+2 


\ls 


Fig.4 


CL low level width 


tWLCL 


35 








Fig. 4 


CL high level width 


tWHCL 


35 








Fig.4 



CL 



0.7Vcc 
0.3Vcc 

tDFRM 



FRM 



M 



0.7Vcc / 
0.3Vcc / 



tDM 



7Vcc 
3Vcc 



Figure 4 Display Control Signal Waveform 
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Block Diagram 



> £ £ 



CM CO ^ 



cc cc cc cc 
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ADC- 



v cc- 

GND- 

V EE r 
V E E2- 



Liquid crystal display 
driver circuit 



5 



2 



3 



Display date latch 



T5 

"8 



2 



RAM 




ly data 
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8- 




Q 





"8 

N 
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flag 



RST 
■01 
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CO 
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Terminal Functions 



Terminal Number of Connected 

Name Terminals I/O to Functions 



Vcc 
GND 


2 


Power 
supply 


Power supply for internal logic. 

Recommended voltage is: 

GND-OV 
Vcc«5V±10% 


V E E1 
V E E2 


2 


Power 
supply 


Power supply for liquid crystal display drive circuit. 
Recommended power supply voltage is Vcc ~ Vee " 8 10 1 7 
V. Connect the same power supply to Veei and Vee2- v eei 
and V EE2 are not connected each other in the LSI. 


V1L, V1R 
V2L, V2R 
V3L, VSR 
V4L, V4R 


8 


Power 
supply 


Power supply for liquid crystal display drive. 

Apply the voltage specified depending on liquid crystals 
within the limit of Vee through Vcc- 

V1L (V1R), V2L (V2R): Selection level 
V3L (V3R), V4L (V4R): Non-selection level 

Power supplies connected with V1 L and V1R (V2L & V2R, 
V3L & V3R, V4L & V4R) should have the same voltages. 


CS1 
CS2 
CS3 


3 I 


MPU 


Chip selection. 

Data can be input or output when the terminals are in the 
following conditions: 

TerminalName CS1 CS2 CS3 
Condition L L H 


E 


1 i 


MPU 


Enable. 

At write(R/W = Low): Data of DBO to DB7 is latched at 
the fall of E. 

At read(R/W - High): Data appears at DBO to DB7 while 
E is at high level. 


R/W 


1 I 


MPU 


Read/write. 

R/W = High: Data appears at DBO to DB7 and can be 
read by the CPU. 

When E « high, CS1 . CS2 - low and CS3 = 
high. 

R/W » Low: DBO to DB7 can accept at fall of E when 
CS1 , CS2 « low and CS3 » high. 


D/l 


1 i 


MPU 


Data/instruction. 

D/l = High: Indicates that the data of DBO to DB7 is 
display data. 

D/l = Low: Indicates that the data of DBO to DB7 is 
display control data. 
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Terminal Functions (cont) 



Terminal 
Name 


Number of 
Terminals 


I/O 


Connected 
to 


I 

Functions 


ADC 


1 


I 


V/ /OMR 


Address control signal to determine the relation between Y 
address of display RAM and terminals from which the data is 
output. 

ADC -High: Y1 : $0, Y64: $63 
ADC -Low: Y64: $0, Y1 : $63 


DB1-DB7 


8 


I/O 


MPU 


Data bus, three-state I/O common terminal. 


M 


1 


I 


HD61203 


Switch signal to convert liquid crystal drive waveform into 
AC. 


FRM 


1 


I 


HD61203 


Display synchronous signal (frame signal). 

Presets the 6-bit display line counter and synchronizes the 
common signal with the frame timing when the FRM signal 
becomes high. 


CL 


1 


I 


HD61203 


Synchronous signal to latch display data. The rising CL 
signal increments the display output address counter and 
latches the display data. 


♦1.42 


2 




HD61203 


2-phase clock signal for internal operation. 

The $1 and <»2 clocks are used to preform operations (I/O of 
display data and execution of instructions) other than 
display. 


Y1-Y64 


64 





Liquid 

crystal 

display 


Liquid crystal display column (segment) drive output. 

These pins outputs light on level when 1 is in the display 
RAM, and light off level when is it. 

Relation among output level, M, and display data (D) is as 
follows; 

M J 1 | [- 

d _j~n_oj7Lo_r~ 

°T l |yi|y3|y2|v4| 


RST 


1 


I 


CPU or 
external CR 


The following registers can be initialized by setting the RST 
signal to low level. 

1 . On/off register set (display off) 

2. Display start line register line set (displays from 
lineO) 

After releasing reset, this condition can be changed only by 
instruction. 


NC 


3 




Open 


Unused terminals. Don't connect any lines to these 
terminals. 



Note: 1 corresponds to high level in positive logic. 
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Function of Each Block 
Interface Control 

1. I/O buffer 

Data is transferred through 8 data bus lines (DBO- 
DB7). 

DB7: MSB (Most significant bit) 
DBO: LSB (Least significant bit) 
Data can neither be input nor output unless C S1 to 
CS3 are in the active mode. Therefore, when CS1 
to CS3 are not in active mode it is usele ss to 
switch the signals of input terminals except RST 
and ADC; that is namely, the internal state is 
maintained an d no i nstruction excutes. Besides, pay 
attention to R ST a nd ADC which operate 
irrespectively of C5T to CS3. 

2. Register 

Both input register and output register are provided 
to interface to an MPU whose speed is different 
from that of internal operation. The selection of 
these registers depend on the combination of R/W 
and D/l signals (table 1). 

a. Input register 

The input register is used to store data temporarily 
before writing it into display data RAM. 
The data from MPU is written into the input 
register, then into display da ta RA M automatically 
by internal operation. When CS1 to CS3 are in the 
active mode and D/l and R/W select the input 
register as shown in table 1, data is latched at the 
fall of the £ signal. 



b. Output register 

The output register is used to store data temporarily 
that is read from display d ata R AM. To read out the 
data from output register, CS1 to CS3 should be in 
the active mode and both D/l and R/W should be 1. 
With the read display data instruction, data stored in 
the output register is output while E is high level. 
Then, at the fall of £, the display data at the 
indicated address is latched into the output register 
and the address is increased by 1 . 

The contents in the output register are rewritten by 
the read display data instruction, but are held by 
address set instruction, etc. 

Therefore, the data of the specified address cannot 
be output with the read display data instruction 
right after the address is set, but can be output at 
the second read of data. That is to say, one dummy 
read is necessary. Figure 5 shows the CPU read 
timing. 



Table 


1 Register Selection 


D/l 


R/W Operation 


1 


1 Reads data out of output register as internal operation (display data RAM -» output 
register) 


1 


Writes data into input register as internal operation (input register -» display data RAM) 





1 Busy check. Read of status data. 





Instruction 
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Output 
register 



Data at address N 



Data at address N + 1 



DB0-DB7 



Busy 


Write 


Busy 


Read 


Busy 


Read 


check 


address 


check 


data 


check 


data at 




N 




(dummy) 




address 



Busy 
check 



Data read 
address 
N + 1 
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Busy Flag 

Busy flag = 1 indicates that HD61202 is operating 
and no instructions except status read instruction 
can be accepted. The value of the busy flag is read 



out on DB7 by the status read instruction. Make 
sure that the busy flag is reset (0) before issuing 
instructions. 



E i i 



Busy I I 

f,ag I j Busy J 1/fcLK^T BusyS3/f C LK 



f CLK is o1, 02 frequency 



Figure 6 Busy Flag 



Display On/Off Flip/Flop 

The display on/off flip/flop selects one of two 
states, on state and off state of segments Yl to 
Y64. In on state, the display data corresponding to 
that in RAM is output to the segments. On the 
other hand, the display data at all segments 
disappear in off state independent of the data in 
RAM. It is c ontrolled by display on/off 
instruction. RST signal = sets the segments in 
off state. The status of the flip/flop is output to 
DBS by status read instruction. Display on/off 
instruction does not influence data in RAM. To 
control display data latch by this flip/flop, CL 
signal (display synchronous signal) should be input 
correctly. 

Display Start Line Register 

The display start line register specifies the line in 
RAM which corresponds to the top line of LCD 
panel, when displaying contents in display data 
RAM on the LCD panel. It is used for scrolling of 
the screen. 

6-bit display start line information is written into 
this register by the display start line set 
instruction. When high level of the FRM signal 
starts the display, the information in this register is 



transferred to the Z address counter, which controls 
the display address, presetting the Z address 
counter. 

X, Y Address Counter 

A 9-bit counter which designates addresses of the 
internal display data RAM. X address counter 
(upper 3 bits) and Y address counter (lower 6 bits) 
should be set to each address by the respective 
instructions. 

1. X address counter 

Ordinary register with no count functions. An 
address is set by instruction. 

2. Y address counter 

An address is set by instruction and is increased by 
1 automatically by R/W operations of display data. 
The Y address counter loops the values of to 63 
to count. 

Display Data RAM 

Stores dot data for display. 1-bit data of this RAM 
corresponds to light on (data = 1) and light off (data 
= 0) of 1 dot in the display panel. The 
correspondence between Y addresses of RAM and 
segment pins can be reversed by ADC signal. 
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As the ADC signal controls the Y address counter, 
reversing of the signal during the operation causes 
malfunction and destruction of the contents of 
register and data of RAM. Therefore, never fail to 
connect ADC pin to V<x or GND when using. 

Figure 7 shows the relations between Y address of 
RAM and segment pins in the cases of ADC = 1 
and ADC = (display start line ■ 0, 1/64 duty 
cycle). 
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LCD 

display pattern 




C0M1 
COM2 
COM3 
COM4 
COM5 
C0M6 
COM7 
C0M8 
C0M9 



(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 
(HD61203 X5) 
(HD61203 X6) 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X9) 



Line 
Line 1 • 
Line 2 ■ 



X«0 



Display 
RAM data 



X«1 



X-7 



Line 62 
Line 63 







1 


1 


1 










1 











1 







1 











1 







1 











1 







1 


1 


1 


1 


1 







1 











1 







1 











1 





































































1 











1 
















1 


1 


1 


1 


1 




























1 2 3 4 5 












1 











1 


1 








1 





1 





1 








1 


1 











1 











1 






































rsr 



























I I I 

616263 



COM62 (HD61203 X62) 
COM63 (HD61203 X63) 
COM64 (HD61203 X64) 



HD61202 Pin Name 



DBO(LSB) 

■ DB1 
DB2 
DB3 
DB4 

- DBS 
DB6 

■ DB7(MSB) 



RAM Y Address 



ADC « 1 (Connected to V cc ) 



Figure 7 Relation between RAM Data and Display 
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LCD 

display pattern 




(HD61203 X1) 
(HD61203 X2) 
(HD61203 X3) 
(HD61203 X4) 
(HD61203 X5) 
(HD61203 X6) 
(HD61203 X7) 
(HD61203 X8) 
(HD61203 X9) 



63 62 61 



Y 
|59 



Line 







1 


1 


1 

















1 


Line 1 — — 




1 











1 














1 


Line 2 




1 











1 





1 








1 










1 











1 








1 





1 


X-0 




1 


1 


1 


1 


1 











1 


1 


Display 
RAM date 




1 











1 














1 




1 











1 














1 




































































X»1 












































X-7 






-1 





















1 


















[cf 





Line 62 




1 


1 


1 


1 


1 
















Line 63 — — 



































I 




I 

1 


I 

2 


I 

3 


I 

4 


I 

5 




I I I 

616263 



V3 



Y2 



Y1 



■ COM62 

• COM63 

• COM64 



(HD61203 X62) 
(HD61203 X63) 
(HD61203 X64) 



HD61202 Pin Name] 

DBO(LSB) 

DB1 

DB2 

DB3 

— DB4 

— DB5 

— DB6 

— DB7(MSB) 



i i 
i i 
i i 
i i 



RAM Y Address | 



ADC = (Connected to GND) 



Figure 7 Relation between RAM Data and Display (cont) 
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Z Address Counter 

The Z address counter generates addresses for 
outputting the display data synchronized with the 
common signal. This counter consists of 6 bits and 
counts up at the fall of the CL signal. At the high 
level of FRM, the contents of the display start line 
register is preset at the Z counter. 

Display Data Latch 

The display data latch stores the display data 
temporarily that is output from display data RAM 
to the liquid crystal driving circuit. Data is latched 
at the rise of the CL signal. The display on/off 
instruction controls the data in this latch and does 
not influence data in display data RAM. 

Liquid Crystal Display Driver Circuit 

The combination of latched display data and M 
signal causes one of the 4 liquid crystal driver 
levels, VI, V2, V3, and V4 to be output. 



Reset 

The system can be initialized by setting RST 
terminal at low level when turning power on. 

1. Display off 

2. Set display start line register line 0. 

While RST is low level, no instruction except 
status read can be accepted. Therefore, execute other 
instructions after making sure that DB4 = (clear 
RESET) and DB7 = (Ready) by status read 
instruction. The conditions of power supply at 
initial power up are shown in table 1. 



Table 1 Power Supply Initial Conditions 

Item Symbol Min Typ Max Unit 

Reset time Wr 1.0 — jis 

Rise time t r — — 200 ns 



Do not fail to set the system again because RESET during operation may destroy the data in all the 
registers except on/off register and in RAM. 
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Display Control Instructions 
Outline 

Table 2 shows the instructions. Read/write (R/W) signal, data/instruction (D/I) signal, and data bus signals 
(DBO to DB7) are also called instructions because the internal operation depends on the signals from the 
MPU. 

These explanations are detailed in the following pages. Generally, there are following three kinds of 
instructions: 

1 . Instruction to set addresses in the internal RAM 

2. Instruction to transfer data from/to the internal RAM 

3. Other instructions 

In general use, the second type of instruction is used most frequently. Since Y address of the internal RAM 
is increased by 1 automatically after writing (reading) data, the program can be shortened. During the 
execution of an instruction, the system cannot accept instructions other than status read instruction. Send 
instructions from MPU after making sure that the busy flag is 0, which is proof that an instruction is not 
being excuted. 
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Table 2 Instructions 



Code 



instructions 


R/W 


D/l 


DB7 DB6 


DBS DB4 DB3 DB2 DB1 


DBO 


Functions 


Display on/off 











11 1 1 1 


1/0 


Controls display on/off. RAM data and internal 
status are not affected. 1 : on, 0: off. 


Display start line 








1 1 


Display start line (0-63) 




Specifies the RAM line displayed at the top of the 
screen. 


oot page (a aooressj 


A 

u 


A 

u 


1 u 


i 1 i rage \u — / ) 




o6is in© payo auQiBss/ ot riMivi ai ins page (A 
address) register. 


Set address 








1 


Y address (0-63) 




Sets the Y address in the Y address counter. 


Status read 


1 





Busy 


ON/ Reset 
OFF 





Reads the status. 

RESET 1: Reset 
0: Normal 

ON/OFF 1: Display off 
0: Display on 

Busy 1 : Internal operation 
0: Ready 


Write display data 





1 


Write data 






Writes data DBO (LSB) Has access to the 
to DB7 (MSB) on the address of the display 
data bus into display RAM specified in 
RAM. advance. After the 


Read display data 


1 


1 


Read data 






Reads data DBO (LSB) access ' * add , ress is 
to DB7 (MSB) from the ,ncreased b V 1 - 



display RAM to the data 
bus. 



Note: 1 . Busy time varies with the frequency (f clk) °f <M * and 4*2- 
(1/fCLK ^ T BUSY ^ 3fCLK) 
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Detailed Explanation 
Display on/off 



R/W 



Code 



D/l 



DB7 



DBO 















1 


1 


1 


1 


1 


D 



high-order bit 



low-order bit - 



The display data appears when D is 1 and disappears when D is 0. Though the data is not on the screen 
with D = 0, it remains in the display data RAM. Therefore, you can make it appear by changing D = into 
D= 1. 



Display start line 



R/W D/l 



DB7 



DBO 



Code 









1 


1 


A 


A 


A 


A 


A 


A 



high-order bit 



low-order bit - 



Z address AAAAAA (binary) of the display data RAM is set in the display start line register and displayed 
at the top of the screen. Figure 8 shows examples of display (1/64 duty cycle) when the start line = 0-3. 
When the display duty cycle is 1/64 or more (ex. 1/32, 1/24 etc.), the data of total line number of LCD 
screen, from the line specified by display start line instruction, is displayed. 
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C0M1 
COM2 
COM3 
COM4 
COM5 
C0M6 
C0M7 
COM8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 




COM1 
COM2 
COM3 
COM4 
COM5 
C0M6 
C0M7 
COM8 
COM9 



COM60 
COM61 
COM62 
COM63 
COM64 




Start line « 



Start line - 1 



COM1 
COM2 
COM3 
COM4 
C0M5 
C0M6 
C0M7 
C0M8 
C0M9 



COM60 
COM61 
COM62 
COM63 
COM64 




COM1 
COM2 
COM3 
COM4 
COM5 
COM6 
COM7 
COM8 
C0M9 



COM60 
COM61 
COM62 
COM63 
COM64 




Start line - 2 



Start line « 3 



Figure 8 Relation Between Start Line and Display 
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Set page (X address) 

R/W D/l DB7 

Code 



DBO 









1 





1 


1 


1 


A 


A 


A 



high-order bit 



low-order bit — * 



X address AAA (binary) of the display data RAM is set in the X address register. After that, writing or 
reading to or from MPU is executed in this specified page until the next page is set. See figure 9. 

Set Y address 



Code 



R/W 


D/l 


DB7 














DBO 











1 


A 


A 


A 


A 


A 


A 



high-order bit 



low-order bit — * 



Y address AAAAAA (binary) of the display data RAM is set in the Y address counter. After that, Y address 
counter is increased by 1 every time the data is written or read to or from MPU. 



Y address 



1 2- 



- 61 62 63 



DBO 




i 


Page 


DB7 




DBO 




i 


Page 1 


DB7 





X-0 



X-1 



DBO 




t 


Page 6 


DB7 




DBO 




i 


Page 7 


DB7 





X«6 



X»7 



Figure 9 Address Configuration of Display Data RAM 
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Status Read 





R/W 


D/l 


DB7 














- DBO 


Code 


1 





Busy 





ON/ 
OFF 


RESET 















«*— high-order bit 



low-order bit — * 



Busy: When Busy is 1, the LSI is executing internal operations. No instructions are accepted while 

Busy is 1, so you should make sure that Busy is before writing the next instruction. 

ON/OFF: Shows the liquid crystal display conditions: on condition or off condition. 
When ON/OFF is 1 , the display is in off condition. 
When ON/OFF is 0, the display is in on condition. 

RESET: RESET = 1 shows that the system is being initialized. In this condition, no instructions 
except status read can be accepted. 

RESET = shows that initializing has finished and the system is in the usual operation 
condition. 



Write Display Data 

R/W D/l DB7 

Code 



DBO 






1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — * 



Writes 8-bit data DDDDDDDD (binary) into the display data RAM. Then Y address is increased by 1 
automatically. 



Read Display Data 

R/W D/l DB7 

Code 



DBO 



1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



high-order bit 



low-order bit — * 



Reads out 8-bit data DDDDDDDD (binary) from the display data RAM. Then Y address is increased by 1 
automatically. 

One dummy read is necessary right after the address setting. For details, refer to the explanation of output 
register in "FUNCTION OF EACH BLOCK". 
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Use of HD61202 

Interface with HD61203 (1/64 duty cycle) 



V C C>" 

V6>- 
V5>- 
V2>- 

v E e>- 



RfCf 



R CR C 



VCC 

V1L, V1R 
V6L, V6R 
V5L, V5R 
V2L, V2R 

V E E 
GND 



X1 



X64 



HD61203 



SHL 

DS1 

DS2 

TH 

CL1 

FS 

M/S 

FCS 

STB 



DL 
DR 



M 
CL2 
FRM 
01 
02 



COM1 



COM64 g 
in 

CO 



LCD Panel 
64 * 64 dots 



S 

UJ 
CO 



Open 
— Open 



^wej^^ply^ircui^ 
+5 V^Vcc) 



-10 Vo 




Contrast 



Vcc» 



Y64 



M 

CL 

FRM 

01 

02 



ADC 



HD61202 



RST 



v C c 


— <v cc 


V1L, V1R 


— <V1 


V2L, V2R 


— <V2 


V3L, V3R 


— <V3 


V4L, V4R 


— C V4 


Veei.Vee2 




GND 


~1 



O^CVlCO^tWlDN 
«5T CD CD CD CD CD CD CD CD 
OUJOOODODOO 



tttltftttttttt 



External CR 



■Cr 

CPU 



R3-15Q 
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Input 



01 



02 -\lf 



U LT 

I2T 



"LT" 
TaJ 



u — 

— M — 



CL 



FRM 



M 



_|64^4TL|2l45L _j64|_4Tl_|2l_f3l „_|w|_{Tl_ 



i i i 
i i 



i 



-Ul 



COM 



i i i 
i i i 
i i i 



! 1 frame 



X1 J£5 



X2 



V5 
— T" 



V6 



X64 V5 



V1 



V6 
— r— 



V2 



,V6 



V6 ! 



SEG 



Y1 V41. 



Y64 V4L 



V1 



V3 i 



V1 



V3 



Selected Non-selected 




The waveforms of Y1 to Y64 outputs vary with the display date. In this 
example, the top line of the panel lights up and other dots do not. 



Figure 10 LCD Driver Timing Chart (1/64 duty cycle) 
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Interface with CPU 

1. Example of connection with HD6800 



HD6800 



A15 

i 

A1 
VMA 

AO 
R/W 

02 

DO 

D7 

RES 



Decoder 



v cc~ 



i 



C5T 
CS2 
CS3 

D/l 
R/W 



DBO 



DB7 



HD61202 



Figure 11 Example of Connection with HD6800 Series 



In this decoder, addresses of HD61202 in the address area of HD6800 are: 
Read/write of the display data $FFFF 
write of display instruction $FFFE 
Read out of status $FFFE 



Therefore, you can control HD61202 by reading/writing the data at these addresses. 
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2. Example of connection with HD6801 



P10 
P11 
P12 
P13 

(IOS) (SC1) 
(R/W) (SC2) 



P14 



HD6801 



P30 
P31 
(Date bus) ! 

P37 



74LS154 



A 
B 
C 
D 

G1 G2 



YO 



Y1 
i 
i 

Y15 



Vcc— 



CST 

CS2 
CS3 



R/W 
D/l 



DBO 

DB1 

i 

DB7 



HD61202 
No. 1 



Set HD6801 to mode 5. P10 to P14 are used 
as the output port and P30 to P37 as the data 
bus. 

74LS154 4-to-16 decoder generates chip select 
signal to make specified HD61202 active after 
decoding 4 bits of P10 to P13. 



Therefore, after enabling the operation by P10 
to PI 3 and specifying D/I signal by P14, 
read/write from/to the external memory area 
($0100 to $01FE) to control HD61202. In this 
case, IOS signal is output from SCI and R/W 
signal from SC2. 

For details of HD6800 and HD6801, refer to 
their manuals. 
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HD61202 



Example of Application 



HD61202 
No. 9 



Y1 



- Y64 




X64 



COM1. 



COM2. 



COM3. 



COM64. 



8^ X2 
X3 

X ~X64 



COM65. 



CQMSg, 



CQM67, 



COM128, 



HD61202 
No. 10 



Y1 



Y64 



HD61202 
No. 16 



Y1 



-Y32 



LCD Panel 
128x480 dots 



Y1 ~w Y64 

HD61202 
No.1 



Y1 ~ Y64 

HD61202 
No. 2 



Y1 ~Y32 

HD61202 
No. 8 



Note: In this example, two HD61203s output the equivalent waveforms. So, stand-alone operation is 

possible. In this case, connect COM1 and COM65 to X1 , COM2 and COM66 to X2 and COM64 

and COM 128 to X64. However, for the large screen display, it is better to drive in 2 rows as in this 
example to guarantee the display quality. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



393 



H D6 1 203 — 

(Dot Matrix Liquid Crystal Graphic 
Display Common Driver) 



Description 

The HD61203 is a common signal driver for dot 
matrix liquid crystal graphic display systems. It 
generates the timing signals (switch signal to 
convert LCD waveform to AC, frame synchronous 
signal) and supplies them to the column driver to 
control display. It provides 64 driver output lines 
and the impedance is low enough to drive a large 
screen. 

As the HD61203 is produced by a CMOS process, 
it is fit for use in portable battery-driven equipment 
utilizing the liquid crystal display's low power 
consumption. The user can easily construct a dot 
matrix liquid crystal graphic display system by 
combining the HD61203 and the column (segment) 
driver HD61202. 



Features 

• Dot matrix liquid crystal graphic display 
common driver with low impedance 

• Low impedance: 1.5 kG max 

• Internal liquid crystal display driver circuit: 64 
circuits 

• Internal dynamic display timing generator 
circuit 

• Display duty cycle 

When used with the column driver HD61202: 

1/48, 1/64, 1/96, 1/128 
When used with the column driver HD61200: 

Selectable out of 1/32 to 1/128 

• Low power dissipation: During display: 5 mW 

• Power supplies: Vcc' 5 V ± 10% 

• Power supply voltage for liquid crystal display 
drive: 8 V to 17 V 

CMOS process 

• 100-pin flat plastic package (FP- 100) 



Absolute Maximum Ratings 



Item 


Symbol 


Limit 


Unit 


Note 


Power supply voltage (1 ) 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply voltage (2) 


V EE 


V CC -19.0 to V CC + 0.3 


V 


5 


Terminal voltage (1) 


Vti 


- 0.3 to Vcc + 0.3 


V 


2,3 


Terminal voltage (2) 


V T2 


V E e- 0.3 to V cc + 0.3 


V 


4,5 


Operating temperature 


Topr 


-20 to +75 


<c 




Storage temperature 


T stg 


-55 to +125 


<c 





Notes: 1 . If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend you to use the LSI within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 

2. Based on GND = V. 

3. Applies to input terminals (except V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R) and I/O 
terminals at high impedance. 

4. Applies to V1L, V1R, V2L, V2R, V5L, V5R, V6L, and V6R. 

5. Apply the same value of voltages to V1 L and V1 R, V2L and V2R, V5L and V5R, V6L and V6R, 
V EE (23 pin) and V EE (58 pin) respectively. 

Maintain Vcc^ V1L- V1R> V6L- V6R > V5L - V5R > V2L - V2R > Vee 
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HD61203 



Pin Arrangement 



CO^lO<ONOOO)OT-(MCOTfU><ONCOO)Or"C\! 
C\IC\JOJCNJCVJC\JC\JC0COCO0000COC0C0C000^"<fr"<fr 

XXXXXXXXXXXXXXXXXXXX 



X22 

X21 

X20 

X19 

X18 

X17 

X16 

X15 

X14 

X13 

X12 

X11 

X10 

X9 

X8 

X7 

X6 

X5 

X4 

X3 

X2 

X1 

Vee 

V6L 

V5L 

V2L 

V1L 

Vcc 

DL 

FS 



I X43 
I X44 
I X45 
|X46 
I X47 
I X48 
I X49 
|X50 
|X51 
|X52 
| X53 
|X54 
|X55 

X56 
I X57 

X58 
|X59 

X60 
1X61 

X62 
| X63 
| X64 
I V EE 
j V6R 
I V5R 
| V2R 
| V1R 
|TH 
|CL2 

CL1 



lllSllillBIEISIEllEllSllili 



i- cm |rn _j u 

</>(/) O O CC ™ I 2 O 
QOOZdZOlcOCOOZ 



Q Q Z LL 2 Z IL G 



(Top view) 
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HD61203 



Electrical Characteristics 
DC Characteristics 

(V C c = 5 V ± 10%, GND = V, V C c - V EE = 8.0 to 17.0 V, Ta = -20 to +75°C) 



Specifications 



Test Item 


Symbol Min 


Typ 


Max 


Unit 


Test Conditions 


Note 


Input high voltage 


V IH 


O./xvcc 




Vcc 


V 




1 


Input low voltage 


V, L 


GND 




U.o x 


Vcc v 




4 
1 


Output high voltage 


VOH 


Vcc~0.4 


— 




V 


Iqh » -0.4 mA 


2 


Output low voltage 


Vex. 




— 


0.4 


V 


Iql * 0.4 mA 


2 


Vi-Xj on resistance 


Ron 


— 




1.5 


k£2 


Vcc-V EE = 17V 
Load current 
±150 uA 


13 


Input leakage current 


i 

»IL1 


-1.0 


— 


1.0 


uA 


Vin-OtoVcc 


3 


Input leakage current 


i|L2 


-2.0 




£.0 


UA 


Vlll ■* V££ iu VCC 


A 

4 


Operating frequency 


foprl 


50 


— 


600 


kHz 


In master mode 
exiernai ciock 
operation 


5 


ODfiratinn frfiounincv 

w|Jvl dill IM 1 ! wUUvl Iwj 


fopr2 


0.5 




1500 


kHz 


In slax/6 modd 

III wICI V w 1 1 IWViv 

shift register 


6 


Oscillation frequency 


fosc 


315 


450 


585 


kHz 


Cf«20pF±5% 
Rf«47kft±2% 


7, 12 


Dissipation current 
(1) 


'ggi 






1.0 


mA 


In master mode 
1/128 duty cycle 
Cf«20pF 
Rf»47kft 


8,9 


Dissipation current 
(2) 


'gG2 






200 


uA 


In slave mode 
1/128 duty cycle 


8, 10 


Dissipation current 


«EE 






100 




In master mode 
1/128 duty cycle 


8, 11 



Notes: 1 . Applies to input terminals FS, DS1 , DS2, CR, SHL, M/S, and FCS and I/O terminals PL, M, DR, 
and CL2 in the input state. 

2. Applies to output terminals, o1 , o2, and FRM and I/O common terminals DL, M, DR, and CL2 in 
the output state. 

3. Applies to input terminals FS, DS1 , DS2, CR, STB, SHL, M/S, FCS, CL1 , and TH, I/O terminals 
DL, M, DR, and CL2 in the input state and NC terminals. 

4. Applies to V1 L, V1 R, V2L, V2R, V5L, V5R, V6L, and V6R. Don't connect any lines to X1 to 
X64. 

5. External clock is as follows. 
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HD61203 



External clock 
waveform 




l rcp 
External 
clock 



Open Open 
J L 



CR R C 



Duty Cycle ■ 



TH 
TH+TL 



x 100% 





Min 


Typ 


Max 


Unit 


Duty 
cycle 


45 


50 


55 


% 


*rcp 






50 


ns 


tfcp 






50 


ns 



6. Applies to the shift register in the slave mode. For details, refer to AC Characteristics. 

7. Connect oscillation resister (Rf) and oscillation capacitance (Cf) as shown in this figure. 
Oscillation frequency (fosc) is tw,ce as mucn as tne frequency (fo) at o1 or 02. 



Cf 

.-^v^Rf 



CR R C 
0l,o2 



Cf: 

Rf . 



20 pF 
47 kQ 



W* 2x f0 



8. No lines are connected to output terminals and current flowing through the input circuit is 
excluded. This value is specified at Vih ■ Vcc and V|l - GND. 

9. This value is specified for current flowing through GND in the following conditions: Internal 
oscillation circuit is used. Each terminal of DS1 , DS2, FS, SHL, M/S, STB, and FCS is 
connected to V cc and each of CL1 and TH to GND. Oscillator is set as described in note 7. 

1 0. This value is specified for curren t flow ing through GND under the following conditions: Each 
terminals of DS1, DS2, FS, SHL, STB, FCS, and CR is connected to Vcc, CL1, TH, and M/S to 
GND and the terminals CL2, M, and DL are respectively connected to terminals CL2, M, and 
DL of the HD61203 under the condition described in note 9. 

1 1 . This value is specified for current flowing through V EE under the condition described in note 9. 
Don't connect any lines to terminal V. 

1 2. This figure shows a typical relation among oscillation frequency, Rf and Cf . Oscillation 
frequency may vary with the mounting conditions. 




Rf (to> 
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HD61203 



1 3. Resistance between terminal X and terminal V (one of V1L, V1R, V2L, V2R, V5L, V5R, V6L, 
and V6R) when load current flows through one of the terminals X1 to X64. This value is 
specified under the following conditions: 

VCC-V EE -17V 
VlL" ^R.V 6L -V 6R -V CC -1/7(V CC -V EE ) 
V 2L " V 2 R . V 5L - V 5R - V EE +1/7 (V CC - V EE ) 




Terminal X 
(X1 to X64) 



The following is a description of the range of power supply voltage for liquid crystal display drive. Apply 
positive voltage to VlL = V1R and V6L = V6R and negative voltage to V2L = V2R and V5L = V5R 
within the AV range. This range allows stable impedance on driver output (RON). Notice that AV depends 
on power supply voltage Vcc -Vbe- 




V CC -V EE (V) 

Correlation between Driver Correlation between Power 

Output Waveform and Power Supply Voltage Vqc- V ee and AV 

Supply Voltages for Liquid 
Crystal Display Drive 
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HD61203 



Terminal Configuration 

Input Terminal 



Vcc 

Hmpmos 



-jk-iNMOS 



Applicable Terminals : 

CR, M/S, SHL, FCS, DS1, DS2, FS 



I/O Terminal 



Applicable Terminals: DL, DR, CL2, M 




Output circuit 
j (tristate) 



Output Terminal 




Applicable Terminals: o1, 02, FRM 



Output Terminal 



-ryr PM0S o V1L, V1R 



v cc 



-HP PMQS o V6L, V6R 

Vcc 



NMOS 



O V5L, V5R 



V EE 



Applicable Terminals: 
X1 to X64 
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HD61203 



AC Characteristics (V C c = 5 V ± 10%, GND = V, Ta = -20 to +75°C) 
In the slave mode (M/S = GND) 



CL2 

(FCS - GND) 
(Shift clock) 



CL2 

(FCS.Vcc) 
(Shift clock) 



DL (SHL-Vcc) 
DR (SHL- GND) 
Input data 



DR (SHL- Vcc) 
DL (SHL - GND) 
Output data 




\twi_CL2L / t WLCL2H \ 



/ twHCL2H \ ^ ^ r 

/ \ t WHCL2L J 



tDH 



x 



X 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


CL2 tow level width (FCS-GND) 


^WLCL2L 


450 






ns 




CL2 high level width (FCS-GND) 


tWLCL2H 


150 






ns 




CL2 tow level width (FCS-Vcc) 


t WHCL2L 


150 






ns 




CL2 high level width (FCS-Vcc) 


t WHCL2H 


450 






ns 




Data setup time 


*DS 


100 






ns 




Data hold time 


t DH 


100 






ns 




Data delay time 


tDD 






200 


ns 


1 


Output data hold time 


tDHW 


10 






ns 




CL2 rise time 


tr 






30 


ns 




CL2 fall time 


tf 






30 


ns 





Notes: 1 . The following load circuit is connected for specification: 



Output q_ 
Terminal 



30 pF (Includes jig capacitance) 
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2. In the master mode (M/S - Vcc, FCS - Vcc, Cf - 20 pF, Rf - 47 kfli) 



HD61203 



CL2 



0.7V CC 



/cc \ ^WCL2L . j A *WCL2H V / 
tDH 



DL (SHL - Vcc) 
DR (SHL - GND) 



DR (SHL. V cc ) 
DL (SHL -GND) 



FRM 



M 



01 



02 



tDFRM- 



0.7V CC 
0.3V C C 



tDD 



/0.3V 



tDS 



tDH 



X_ j 

tDD 



7Vcc 
3V CC 



jf OJVcc \ 
/ 0.3Vcc \ 



-tDFRM 



tDM 



0.7Vcc 
0.3Vcc 



tf t r 



tW01H 




J 



tWoU toi2 





0.7Vcc 

0.5V CC 
0.3V C C 



tD21 



t\V02H 



tf tw02Lt r 




0.7V C C 
0.5V CC 
0.3V C C 
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HD61203 


Item 


Symbol 


Mln 


Typ 


Max 


Unit 


Data setup time 


tos 


20 






\is 


Data hold time 


*DH 


40 








lis 


Data delay time 


*DD 


5 








*IS 


FRM delay time 


*DFRM 


-2 




2 


flS 


M delay time 


*DM 


-2 


- 


2 


[LS 


C|_2 low level width 


*WCL2L 


35 




__ 


*IS 


C|_2 high level width 


twCL2H 


35 







JIS 


01 low level width 


tW0lL 


700 








ns 


o2 low level width 


^021 


700 


_ 





ns 


01 high level width 


twciH 


2100 




— 


ns 


02 high level width 


tWo2H 


2100 


— 


— 


ns 


01-02 phase difference 


*D12 


700 






ns 


02-01 phase difference 


*D21 


700 






ns 


01 , 02 rise time 


tr 






150 


ns 


01, 02 fall time 


tf 






150 


ns 
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V2L V6L 
V1LV5L X1 ^ 



64 output terminals 



V2R V6R 
X62 X63 X64 V1R V5R 



Logic 



Liquid crystal display 
driver circuits 



Bidirectional shift 
register 



62 



63 



64 



Oscillator 



Timing generation circuit 



Logic 



Logic" 



Logic 



Rf Cf 



M/S FS DS1DS2 01 02 



HD61203 



Block Functions 
Oscillator 

The CR oscillator generates display timing signals and operating clocks for the HD61202. It is required 
when the HD61203 is used with the HD6120 2. An oscillation resister Rf and an oscillation capacitor Cf 
are attached as shown in figure 1 and terminal STB is connected to the high level. When using an external 
clock, input the clock into terminal CR and don't connect any lines to terminals R and C. 





R CR C 


R CR C 1 


I — w — 

Rf 


— II 

Cf 


1 f 1 

Open External Open 
clock 



Figure 1 Oscillator Connection with HD61202 



The oscillator is not required when the HD61203 is used with the HD61830. Then, connect terminal CR to 
the high level and don't connect any lines to terminals R and C (figure 2). 



R 


CR 


c 1 


1 


J 


1 


Open 


Vcc 


Open 



Figure 2 Oscillator Connection with HD61830 



Timing Generator Circuit 

The timing generator circuit generates display timing and operating clock for the HD61202. This circuit is 
required when the HD61203 is used with the HD61202. Connect terminal M/S to high level (master 
mode). It is not necessary when the display timing signal is supplied from other circuits, for example, from 
HD61830. In this case connect the terminals Fs, DS1, and DS2 to high level and M/S to low level (slave 
mode). 

Bidirectional Shift Register 

A 64-bit bidirectional shift register. The data is shifted from DL to DR when SHL is at high level and from 
DR to DL when SHL is at low level. In this case, CL2 is used as shift clock. The lowest order bit of the 
bidirectional shift register, which is on the DL side, corresponds to XI and the highest order bit on the DR 
side corresponds to X64. 
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HD61203 



Liquid Crystal Display Driver Circuit 

The combination of the data from the shift register with the M signal allows one of the four liquid crystal 
display driver levels VI, V2, V5 and V6 to be transferred to the output terminals (table 1). 

Table 1 Output Levels 

Data from the 



Shift Register 


M 


Output Level 


1 


1 


V2 





1 


V6 


1 





V1 








V5 
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HD61203 Terminal Functions 



Terminal 
Name 



Number of I/O 
Terminals 



Connected 
to 



Function 



Vcc 
GND 
Vee 



Power Vcc-GND: Power supply for Internal logic, 

supply Vcc-Vee: Power supply for driver circuit logic. 



V1L, V2L 
V5L, V6L 
V1R.V2R 
V5R, V6R 



Power 
supply 



Liquid crystal display driver level power supply. 

V1 L (V1 R), V2L (V2R): Selected level 
V5L (V5R), V6L (V6R): Non-selected level 

Voltages of the level power supplies connected to V1 L and 
V1 R should be the same. (This applies to the combination 
of V2L & V2R, V5L & VSR and V6L & V6R respectively) 



M/S 1 I Vcc or GND Selects master/slave. 

M/S m V C c: Master mode 

When the HD61203 is used with the HD61202, timing 
generation circuit operates to supply display timing signals 
and operation clock to the HD61202. Each of I/O common 
terminals DL, DR, CL2, and M is in the output state. 

M/S m GND: Slave mode 

The timing operation circuit stops operating. The HD61 203 
is used in this mode when combined with the HD61 830. 
Even if combined with the HD61202, this mode is used 
when display timing signals (M, data, CL2, etc.) are 
supplied by another HD61203 in the master mode. 

Terminals M and CL2 are in the input state. 

When SHL is Vcc. DL is in the input state and DR is in the 

output state. 

When SHL is GND, DL is in the output state and DR is in 
the input state. 



FCS 



Vcc or GND 



Selects shift clock phase. 

FCS = Vcc: Shift register operates at the rising edge 
of CL2. Select this condition when 
HD61203 is used with HD61202 or when 
MA of the HD61 830 connects to CL2 in 
combination with the HD61830. 

FCS « GND: Shift register operates at the fall of CL2. 
Select this condition when CL1 of 
HD61 830 connects to CL2 in combination 
with the HD61 830. 



FS 



Vcc or Selects frequency. 

When the frame frequency is 70 Hz, the oscillation 
frequency should be: 

f O sc = 430kHzatFCS«Vcc 
fosc - 21 5 kHz at FCS - GND 

This terminal is active only in the master mode. Connect it 
to Vcc in the slave mode. 
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HD61203 



HD61203 Terminal Functions (cont) 



Terminal Number of I/O Connected 
Name Terminals to 



Function 



DS1.DS2 2 


I Vcc or GND Selects display duty factor 










Display Duty Factor 1/48 


1/64 


1/96 


1/128 




DS1 GND 


GND 


Vcc 


Vcc 




DS2 GND 


Vcc 


GND 


Vcc 



These terminals are valid only in the master mode. 
Connect them to Vcc ' n * ne slave mode. 



STB 
CL1 



Vcc or GND Input terminal for testing. 

Connect to STB Vcc- 
Connect TH and CL1 to GND. 



CR, R,C 



Oscillator. 

In the master mode, use these terminals as shown below: 

External clock 

External 
Open Clock Open 



Internal oscillation 
Rf 



j — 



Cf 



CR 



CR 



HI 



In the slave mode, stop the oscillator as shown below: 
Vcc 



Open 



CR 



Open 



01,02 


2 


O 


HD61202 


Operating clock output terminals for the HD61202. 

Master mode: Connect these terminals to terminals o1 
and o2 of the HD61202 respectively. 

Slave mode: Don't connect any lines to these 
terminals. 


FRM 


1 





HD61202 


Frame signal. 

Master mode: Connect this terminal to terminal FRM of 
the HD61202. 

Slave mode: Don't connect any lines to this terminal. 


M 


1 


I/O 


MB of 


Signal to convert LCD driver signal into AC. 



HD61830 
or Mof 
HD61202 



Master mode: Output terminal. 

Connect this terminal to terminal M of the 
HD61202. 

Slave mode: Input terminal. 

Connect this terminal to terminal MB of 
theHD61830. 
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HD61203 Terminal Functions (cont) 



Terminal Number of I/O Connected 

Name Terminals to Function 



CL2 



I/O ai or MA of 
HD61830or 
CLof 
HD61202 



Shift clock 

Master mode: Output terminal 

Connect this terminal to terminal CL of 
theHD61202. 

Slave mode: Input terminal 

Connect this terminal to terminal CL1 or 
MAoftheHD61830. 



DL, DR 



I/O Open or FLM Data I/O terminals of bidirectional shift register. 



of HD61830 



DL corresponds to X1's side and DR to X64's side. 

Master mode: Output common scanning signal. Don't 
connect any lines to these terminals 
normally. 

Slave mode: Connect terminal FLM of the HD61 830 to 
DL (when SHL - Vcc) or DR (when SHL - 
GND) 

M/S Vcc GND 



SHL 


Vcc 


GND 


Vex: 


GND 


DL 


Output 


Output 


Input 


Output 


DR 


Output 


Output 


Output 


Input 



NO 



Open Not used. 

Don't connect any lines to this terminal. 



SHL 



Vcc or GND Selects shift direction of bidirectional shift register. 

SHL Shift Direction Common Scanning Direction 



Vcc 


DL->DR 


X1 ->X64 


GND 


DL<-DR 


X1«-X64 



X1-X64 64 



Liquid 

crystal 

display 



Liquid crystal display driver output. 

Output one of the four liquid crystal display driver levels 
V1 , V2, V5, and V6 with the combination of the data from 
the shift register and M signal. 




Output I V2 | V6 | V1 | V5 
level 



When SHL is V C c. X1 corresponds to COM1 and X64 
corresponds to COM64. 

When SHL is GND, X64 corresponds to COM1 and X1 
corresponds to COM64. 
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H: V, 
L: 



cc 
GND 



Fixed 



1 means "open" 



5 ■ H O ul Q Q I 



DC 
O 



tr O 



4»1 



♦2 



FRM 



Rf : Oscillation resister 
Cf: Oscillation capacitor 

CL2 SHL DL 



DR 



X1-X64 



X 

© 

O 

O 
e 



A LLLLHHHHH — 



from MB from CL1 

of of 
HD61830 HD61830 



H 



from FLM 
of 

HD61830 



— COM1-COM64 5 



from FLM 

of COM64-COM1 
HD61830 





fi 

5" 




B LLLHHHHHH 



from MB from MA 

of of 
HD61830 HD61830 



from FLM to DL/DR 

of of HD61203 COM1-COM64 
HD61830 No. 2 

to DL/DR from FLM 
ofHD61203 of COM64-COM1 
No. 2 HD61830 



C LLLHHHHHH 



from MB from MA 

of of 
HD61830 HD61830 



from DL/DR 
of HD61203 
No.1 



— COM65-COM128 



from DL/DR 
— of HD61 203 COM1 28-COM65 
No.1 



L L Rf Rf to 4>1 to $2 to FRM to M to CL 
D H L L H H or H of of of of of 

LH Cf Cf HD61202 HD61202 HD61202 HD61202 HD61202 



— COM1-COM64 



— COM64-COM1 



E H L L H H 



L L 
or 
L H 



Rf Rf to 61 to 02 to FRM tQ M SS^^SL 

of of of of HD61202 

Cf Cf HD61202 HD61202 HD61202 ™61202 to CL2 of 

HD61203 HD61203 



to DL/DR 
ofHD61203 COM1-COM64 
No. 2 



to DL/DR 
of HD61203 
No. 2 



— COM64-COM1 



F LLLHHHHHH — 



from M from CL2 

of of 

HD61203 HD61203 
No. 1 No. 1 



from DL/DR 
of HD61203 
No.1 



— COM1-COM64 



from DL/DR 

of HD61203 COM64-COM1 
No.1 



HD61203 



Outline of HD61203 System Configuration 

I. Use with HD61830 

a. When display duty ratio of LCD is 1/64 



HD61830 



No. 1 







COM1 
COM64 



LCD 



One HD61 203 drives 
common signals. 



Refer to 

Connection list A. 



HD61830~-^ 



Noj-|j 
t 



LCD 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



HD61830 




One HD61 203 drives 
common signals for 
upper and lower 
panels. 



Two HD61 203s drive 
upper and lower 
panels separately 
to ensure the 
quality of display. 
No. 1 and No. 2 
operate in parallel. 



b. When display duty ratio of LCD is from 1/65 to 1/128 
HD61830 

JCOM1 




JH COM1 LCD 
r HCQM128 



LCD 



COM1 


Upper 


COM128 


COM1 


Lower 


COM128 



LCD 



COM1 
COM128 


Upper 


COM1 
COM128 


Lower 



Two HD61203S 
connected serially 
drive common signals. 



Two HD61203S 
connected serially 
drive upper and 
lower panels in 
parallel. 



Two sets of 
HD61203s connected 
serially drive upper 
and lower panels in 
parallel to ensure 
the quality of 
display. 



Refer to 

Connection list A. 



For both of No. 1 
and No. 2, refer to 
Connection list A. 



Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 



Refer to Connection 
list B for No. 1. 
Refer to Connection 
list C for No. 2. 



Refer to Connection 
list B for No. 1 
and 3. 

Refer to Connection 
list C for No. 2 
and 4. 
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2. Use with HD61202 (1/64 duty ratio) 



No. 1 







COM1 
COM64 



LCD 



HD61202 



One HD61 203 drives 
common signals and 
supplies timing 
signals to the 
HD61202S. 



Refer to 

Connection list D. 



-►HD61202 



LCD 



►HD61202 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



One HD61203 drives 
upper and lower 
panels and supplies 
timing signals to 
the HD6 1202s. 



Refer to 

Connection list D. 



HD61202 



rNo. 1 



LCD 



No. 2 



COM1 
COM64 


Upper 


COM1 
COM64 


Lower 



HD61202 



Two HD61 203s drive 
upper and lower 
panels in parallel 
to ensure the 
quality of display. 
No. 1 supplies 
timing signals to 
No. 2 and the 
HD61202S. 



Refer to 

Connection list E 
for No. 1. 

Refer to 

Connection list F 
for No. 2. 
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Connection Example 1 

Use with HD61202 (RAM type segment driver) 
a. 1/64 duty ratio (See Connection List D) 



+5V 



jVcc) 



Be X1 
(X64) 
: 5 



R1 
R1 
R2 
R1 
R1 



-10 Vo- 
OVo- 





R3 V1 








sl R 4 V6 




R3 
R3 

w |R3V5 






R3V2 




VEE 



Contrast 



Open • 
Open • 



R 

V C C 
V1L, V1R 

V6L, V6R 



X64 
(X1) 





CO 

To 


M 




ML 


CL2 






FRM 






01 


V5L, V5R 


11203 


02 


V2L, V2R 


Q 
X 


SHL 


VEE 




DS1 




DS2 






TH 


GND 




CL1 






FS 


DL 




M/S 


DR 




FCS 






STB 



vcc 



COM1 



COM64 



LCD panel 



M 

CL 

FRM 

01 

02 



HD61202 
tree tree 

_J _J _J _J oQ LU 



I I I I I I I 

V1V3V4V2 OQ w 



R3-15Q 



Figure 1 Example 1 

Note: The values of R1 and R2 vary with the LCD panel used. 

When bias factor is 1/9, the values of R1 and R2 should satisfy 



R1 



4R1 + R2 



For example, 

R1 «3kQ,R2«15kQ 
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Figure 2 Example 1 Waveform (RAM Type, 1/64 Duty Cycle) 
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Connection Example 2 

Use with HD61830 (Dispiay controller) 
a. 1/64 duty ratio (See Connection List A) 



Open- 

vcc— 

Open- 



QJ 
W 
co 
x 

LLi 
c 
o 



v C c- 

V1 - 
V6- 

V5- 
V2- 



V E E- 
GND- 



Open- 
Open ■ 
Open- 



C 

CR 

R 

V C C 

V1L.V1R § 

V6L.V6R J 
x 

CO 

V5L.V5R - 
V2L.V2R g 

CM 
CO 

Q 
I 

V E E 
GND 



FRM 

01 

02 



X1 
(X64) 

y 

X64 
(X1) 



M 
CL2 
DL(DR) 



SHL 
DS1 
DS2 

TH 
CL1 

FS 
M/S 
FCS 
STB 



COM1 



COM64 



LCD panel 



DR(DL)|— Open 



MB 




CL1 


HD61830 


FLM 






(Display Controller) 



Figure 3 Example 2 (1/64 Duty Ratio) 
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N / 

0C819QH ujojj 



Figure 4 Example 2 Waveform (1/64 Duty Ratio) 
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b. 1/100 duty ratio (See Connection List B, C) 




COM1 



COM64 
COM65 

) 

COM100 



LCD 
Panel 



vcc 



Figure 5 Example 2 (1/100 Duty Ratio) 
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V5 


i 

i 

V5 












CM| 

> 

1 
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V2 




1 1 
1 1 
1 1 

V2 
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Figure 6 Example 2 Waveform (1/100 Duty Ratio) 
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HD61 830 — 

LCTC (LCD Timing Controller) 



Description 

The HD61830 is a dot matrix liquid crystal 
graphic display controller LSI that stores the 
display data sent from an 8-bit microcontrol- 
ler in the external RAM to generate dot 
matrix liquid crystal driving signals. It has a 
graphic mode in which 1-bit data in the 
external RAM corresponds to the on/off state 
of 1 dot on liquid crystal display and a char- 
acter mode in which characters are displayed 
by storing character codes in the external 
RAM and developing them into the dot pat- 
terns with the internal character generator 
ROM. Both modes can be provided for various 
applications. The HD61830 is produced by the 
CMOS process. Thus, combined with a CMOS 
microcontroller it can complete a liquid crys- 
tal display device with low power dissipation. 



Features 



Pin Arrangement 



HI33 
, HF1F1HFI 



c |T 
r LZ 

CR 0E 

cpo rr 

FLM lh 
cli LH 

§YNCE 

we lh 

RES E 

cs EE 
E G£ 

R/W [17 

rs m 

MA G2 

GND Oo 
DB7 ITT 
DB6 QZ 
DBS [23 



HWHHHFI 



HUM" 



liiiiU 

n e in v n n 

§§§§§§ 



54) MA 10 
2Q MA11 

22 MA 12 

23 MA 13 
35] MA14 
33 MA 15 
4§] D2 
33 D 1 
S3 CL 2 
45] RD 
S3 RD 1 
43]RD2 
42] RD 3 
2D RD 4 
S3 RD 5 
15] RD 6 
31] RD 7 
37] MD 
H]MD 1 



(Top View) 



• Dot matrix liquid crystal graphic display 
controller 

• Display control capacity 
-Graphic mode: 512k dots (2 16 bytes) 
-Character mode: 4096 characters (2 12 

characters) 

• Internal character generator ROM: 7360 
bits 

-160 types of 5 x 7 dot characters 
-32 types of 5 x 11 dot characters 

Total 192 characters 
-Can be extended to 256 characters (4k 

bytes max.) by external ROM 

• Interfaces to 8-bit MPU 

• Display duty cycle (Can be selected by a 
program) 

-Static to 1/128 duty cycle 

• Various instruction functions 

-Scroll, Cursor on/off /blink, Character 
blink, Bit manipulation 

• Display method: Selectable A or B types 

• Internal oscillator (with external resistor 
and capacitor) 

• Operating frequency: 1.1 MHz 

• Low power dissipation 

• Power supply: Single + 5 V ± 10% 

• CMOS process 

• Package: 60-pin plastic QFP (FP-60) 
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SYNC CLI MAMBFLM 



DB -DB 7 « 

CS 
E 

RS 

R/W 

RES 



I 



Dot counter 
(DC) 



Data 
output 
regis- 
ter 

(DOR) 



Dot registers 
(DR) 



Busy 

flag 

(BF) 



1 



Refresh address 
counter (1) 
(RAC1) 



Refresh address 
counter (2) 
(RAC^) 



Cursor adress 
counter (CAC) 



16 








16 






9. 


16 


Mull 







Line address 
counter 



Mode 
control 
regis- 
ter 

(MCR) 



Cursor 

signal 

generator 



Control 
signal 



Character 
generator 
ROM 
(CGROM) 



Multiplexer 



Oscillator 
circuit 



Parallel/ 

serial 

converter 



CL2 



Cf 

HK 

L VWNr 

Rf CPO 



Parallel/ 

serial 

converter 



WE 



9f 

o 

(Q 



RAM 



MD0-MD7 



l * 1 

[ Extended J 

L+J external 1 

ROM ! 

T ' 

1 
1 



I T 



I 

RD -RD 7 



D1 



D2 



♦ When extended external ROM is used, MAo-MAn 
are applied to RAM, MA 12 -MA 15 are applied to 
extended external ROM . 



X 
d 

CO 
GO 

a 
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Block Functions 
Registers 

The HD61830 has the five types of registers: 
instruction register (IR), data input register 
(DIR), data output register (DOR), dot regis- 
ters (DR), and mode control register (MCR). 

The IR is a 4-bit register that stores the 
instruction codes for specifying MCR, DR, a 
start address register, a cursor address regis- 
ter, and so oh. The lower order 4 bits DBO to 
DB3 of data buses are written in it. 

The DIR is an 8-bit register used to temporar- 
ily store the data written into the external 
RAM, DR, MCR, and so on. 

The DOR is an 8-bit register used to tempo- 
rarily store the data read from the external 
RAM. Cursor address information is written 
into the cursor address counter (CAC) 
through the DIR. When the memory read 
instruction is set in the IR (latched at the 
falling edge of E signal), the data of external 
RAM is read to DOR by an internal operation. 
The data is transferred to the MPU by reading 
the DOR with the next instruction (the con- 
tents of DOR are output to the data bus when 
E is at the high level). 

The DR are registers used to store dot infor- 
mation such as character pitches and the 
number of vertical dots, and so on. The 
information sent from the MPU is written into 
the DR via the DIR. 

The MCR is a 6-bit register used to store the 
data which specifies states of display such as 
display on/off and cursor on/off/blink. The 
information sent from the MPU is written in it 
via the DIR. 

Busy flag (BF) 

The busy flag = 1 indicates the HD61830 is 
performing an internal operation. Instruc- 
tions cannot be accepted. As shown in Con- 
trol Instruction, read busy flag, the busy flag 
is output on DB7 under the conditions of RS = 
1, R/W = 1, and E = 1. Make sure the busy flag 
is before writing the next instruction. 

Dot Counters (DC) 

The dot counters are counters that generate 
liquid crystal display timing according to the 
contents of DR. 



Refresh Address Counters (RAC1/RAC2) 

The refresh address counters, RAC1 and 
RAC2, control the addresses of external RAM, 
character generator ROM (CGROM), and 
extended external ROM. The RAC1 is used for 
the upper half of the screen and the RAC2 for 
the lower half. In the graphic mode, 16-bit 
data is output and used as the address signal 
of external RAM. In the character mode, the 
high order 4 bits (MA12-MA15) are ignored. 
The 4 bits of line address counter are output 
instead and used as the address of extended 
ROM. 

Character Generator ROM 

The character generator ROM has 7360 bits in 
total and stores 192 types of character data. A 
character code (8 bits) from the external RAM 
and a line code (4 bits) from the line address 
counter are applied to its address signals, and 
it outputs 5 -bit dot data. 

The character font is 5 x 7 (160 characters) or 
5x 11 (32 characters). The use of extended 
ROM allows 8 x 16 (256 characters max.) to 
be used. 

Cursor Address Counter 

The cursor address counter is a 16-bit counter 
that can be preset by instruction. It holds an 
address when the data of external RAM is 
read or written (when display dot data or a 
character code is read or written). The value 
of the cursor address counter is automatically 
increased by 1 after the display data is read or 
written and after the set/clear bit instruction 
is executed. 

Cursor Signal Generator 

The cursor can be displayed by instruction in 
character mode. The cursor is automatically 
generated on the display specified by the 
cursor address and cursor position. 

Parallel/Serial Conversion 

The parallel data sent from the external RAM, 
character generator ROM, or extended ROM 
is converted into serial data by two parallel/ 
serial conversion circuits and transferred to 
the liquid crystal driver circuits for upper 
screen and lower screen simultaneously. 
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Terminal Functions 



Name Function 



DB0-DB7 


Data bus: Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB7 


CS 


Chip select: Selected state with CS = 


R/W 


Read/Write: R/W = 1 : MPU «- HD61830 
R/W = 0: MPU -» HD61830 


RS 


Register select: RS = 1 : Instruction register 
RS = 0: Data register 


E 


Enable: Data is written at the fall of E 
Data can be read while E is 1 


CR, R, C 


CR oscillator 


RES 


Reset: Reset = results in display off, slave mode and Hp = 6 


MA0-MA15 


External RAM address output 

In character mode, the line code for external CG is output through MA12 to MA1 5 
(0: Character 1st line, F: Character 16th line) 


MD0-MD7 


Display data bus: Three-state I/O common terminal 


RD0-RD7 


ROM data input: Dot data from external character generator is input 


WE 


Write enable: Write signal for external RAM 


CL2 


Display data shift clock for LCD drivers 


CL1 


Display data latch signal for LCD drivers 


FLM 


Frame signal for display synchronization 


MA 


Signal for converting liquid crystal driving signal into AC, A type 


MB 


Signal for converting liquid crystal driving signal into AC, B type 


D1, D2 


Display data serial output 

D1 : For upper half of screen 
D2 : For lower half of screen 


CPO 


Clock signal for HD61 830 in slave mode 


SYNC 


Synchronous signal for parallel operation 

Three-state I/O common terminal (with pull-up MOS) 

Master: Synchronous signal is output 
Slave: Synchronous signal is input 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 


Unit 


Note 


Supply voltage 


V CC 


- 0.3 to + 0.7 


V 


1, 2 


Terminal voltage 


V T 


- 0.3 to Vcc + 0.3 


V 


1, 2 


Operating temperature 


Topr 


- 20 to + 75 


°c 




Storage temperature 


T s tg 


- 55 to + 125 


°c 





Notes: 1 . All voltages are referenced to GND = V. 

2 . If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed . We 
strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 
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HD61830 



Electrical Characteristics 

(Vcc = 5 V ± 5 %, GND = V, T a = - 20 to +75°C) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Note 


Input high voltage (TTL) 


V, H 


2.2 


— 


Vcc 


V 




1 


Input low voltage (TTL) 


V, L 





— 


0.8 


V 




2 


Input high voltage 


V|HR 


3.0 


— 


Vcc 


V 




3 


Input high voltage (CMOS) 


V|HC 


0.7 V CC 


— 


Vcc 


V 




4 


Input low voltage (CMOS) 


V,LC 





— 


0.3 V cc 


V 




4 


Output high voltage (TTL) 


V 0H 


2.4 




Vcc 


V 


-Ioh = 0.6 mA 


5 


Output low voltage (TTL) 


Vol 







0.4 - 


V 


Iol =1.6 mA 


5 


Output high voltage (CMOS) 


Vohc 


V cc - 0.4 


- 


Vcc 


V 


-Ioh = 0.6 mA 


6 


Output low voltage (CMOS) 


Volc 







0.4 


V 


Iol = 0.6 mA 


6 


Input leakage current 


l|N 


- 5 




5 


M 


Vin = 0-Vcc 


7 


Three-state leakage current 


Itsl 


- 10 




10 


M 


Vout = 0— Vcc 


8 


Power dissipation ( 1 ) 


P w 1 




10 


15 


mW 


CR oscillation 
fosc = 500 kHz 


9 


Power dissipation (2) 


Pw2 




20 


30 


mW 


External clock 
fcp = 1 MHz 


9 


Internal clock operation 


Clock oscillation frequency 


fosc 


400 


500 


600 


kHz 


Cf =15 pF ± 5% 
Rf = 39 kO ± 2% 


10 


External clock operation 


External clock operating 
frequency 


fcp 


100 


500 


1100 


kHz 




11 


External clock duty 


Duty 


47.5 


50 


52.5 


% 




11 


External clock rise time 


trcp 






0.05 


MS 




11 


External clock fall time 


tfcp 






0.05 


MS 




11 


Pull-up current 


IPL 


2 


10 


20 




Vin = GND 


12 



Note: The I/O terminals have the following configuration: 
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Input Terminal 



Output Terminal 



Appiicabie terminal: CS, E, Kb, R/ W, RES, CH Applicable t ermi nal: CL1 , CL2, MA, MB, FLM, 
(Without pull-up MOS) CPO, Dl, D2, WE, OE, CE, MA0-MA15 





V CC 

r-| ^3 PMOS 


o • ■ > 


H [~-J NMOS 





V cc 

PMOS 




J O 

' — IE — 1 NMOS 



Applicable terminal: RD0-RD7 (With pull-up 
MOS) 



V cc 

^ — ||i PMOS 


V cc 
r-| ftl PMOS 


(Pull-up MOS) 


H^J NMOS 



424 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD61830 



I/O Common Terminal 



Applicable terminal: DB0-DB7, SYNC (with 
pull-up MOS), MD0-MD7 (without pull-up 
MOS) 



V cc 

^ JfipMOS 

(Pull-up MOS) 




PMOS 



NMOS 



(Input circuit) 




(Output circuit) 
(Three state) 



Enable 



-Data 



Notes: 1 . Appl ied to input terminals and I/O common terminals, except terminals SYNC, CR, and 
RES. 

2. Applied to input ter mina ls and I/O common terminals, except terminals SYNC and CR. 

3 . Applied to terminal RES. 

4. Applied to terminals SYNC and C R. 

5. Applied to terminals DB0- DB7, WE, MA0-MA15, and MD0-MD7. 

6. Applied to terminals SYNC, CPO, FLM, CL1 , CL2, D1 , D2, MA, and MB. 

7. Applied to input terminals. 

8. Applied to I/O common terminals. However, the current which flows into the output drive 
MOS is excluded. 

9. The current which flows into the input and output circuits is excluded. When the input of 
CMOS is in the intermediate level, current flows through the input circuit, resulting in the 
increase of power supply current. To avoid this, input must be fixed at high or low. 

The relationship between the operating fre- 
quency and the power dissipation is given 
below. 



E 



50 
40 
30 
20 
10 









































































































































typ 



250 500 750 1000 1250 1500 

fosc(kHz) 
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1 0. Applied to the operation of the internal oscillator when oscillation resistor Rf and oscillation 
capacity Cf are used. 



r 
x 



R 
C 

CR 



C f = 15pF±5% 
R f = 39kQ±2% 
(when f 0S c = 
500 kHz typ) 



The relationship among oscillation frequency, 
R f and Cf is given below. 




1 1 . Applied to external clock operation. 




12. Applied to SYNC, DB0-DB7, and RD0-RD7. 
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Timing Characteristics 
MPU Interface 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Enable cycle time 


tCYC 


1.0 


— 


— 


ptS 


Enable pulse width High level 


tWEH 


0.45 


— 


— 


MS 


Low level 


t\A/EL 


0.45 


— 


— 


MS 


Enable rise time 


tEr 


— 


— 


25 


ns 


Enable fall time 


t E f 


— 


— 


25 


ns 


Setup time 


tAS 


140 






ns 


Data setup time 


tDSW 


225 






ns 


Data delay time (Note) 


tDDR 






225 


ns 


Data hold time 


tH 


10 






ns 


Address hold time 


tAH 


10 






ns 


Data hold time 


tDH 


20 






ns 



Note: The following load circuit is connected for specification: 



V CC 



R L = 2.4kQ 
R = 1 1 kQ 
C ~ 130pF 

Diodes D, to D 4 : 1S2074(H) 
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CS, R/W, RS 



DB -DB 7 
(MPU-HD61830) 



DB ~DB 7 
(MPU-HD61830) 



2.2V 
0.8V 



J 




*-t Er t E f- 



2.2V 
0.8V 



• tcYC " 



" tyVEH - 



- twEL " 



x 



*DSW *• t H *■ 



\l C 2 2V 

Ao.sv 



X 



-tDDR 



tDH 



Ao.4V A 
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External RAM and ROM Interface 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


SYNC delay time 




tDSY 


— 


— 


200 


ns 


SYNC pulse width 


High level 


twSY 


900 


— 


— 


ns 


CPO cycle time 




tccpo 


900 


— 


— 


ns 


CPO pulse width 


High level 


twCPOH 


450 


— 


— 


ns 




Low level 


twCPOL 


450 


— 


— 


ns 


MAO to MA1 5 refresh delay time v 


tDMAR 


— 


— 


200 


ns 


MAO to MA1 5 write address delay time 


tDMAW 


— 


— 


200 


ns 


MDO to MD7 write data delay time 


tDMDW 


— 


— 


200 


ns 


MDO to MD7, RDO to RD7 setup time 


tSMD 


900 






ns 


Memory address setup time 


tSMAW 


250 






ns 


Memory data setup time 


tSMOW 


250 






ns 


WE delay time 




tDWE 






200 


ns 


WE pulse width (low level) 


twWE 


450 






ns 



SYNC 



tDSY " 



-t\/VSY-* 



CPO 



MA -MA 15 



MD -MD 7 



RD -RD 7 



WE 



* — tccpo-*- 

1 



twCPOL 



tDMAR - 



twCPOH 



2.4V 
0.4V 



X 



2.2V 
\0.4V 



tDMAR - 



-tSMD- 



X 



2.2V 
0.8V 



-tSMD" 



\_J' 



X 



tDMAW — ■» 



\-2.2V 
Ao-8V 



tDMD) 



3W 



X 



tDWE- 



Notes: 1 . No load is applied to all the output terminals. 

2. indicates the delay time of RAM and ROM. 



tSMAW 



I 



4V 

,4V 



X 



^ -0.4 V / 



twWE 



tSMDW 
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LCD Driver Interface 
item 


Symbol 


Min Typ Max 


Unit 


Clock pulse width (high level) 


tWCL1 


450 - - 


ns 


Clock delay time 


tDCL2 


- - 200 


ns 


Clock cycle time 


twCL2 


900 - - 


ns 


Clock pulse width High level 


twCH 


450 - - 


ns 


Low level 


tWCL 


450 - - 


ns 


MA, MB delay time 


tMD 


- ~ 300 


ns 


FLM delay time 


tDF 


- - 300 


ns 


Data delay time 


tDD 


- - 200 


ns 


Data setup time 


tSD 


250 - - 


ns 


Note: No load is applied to all the output terminals (MA, MB, FLM, D1 , and D2). 





twCL1 " 



CL1 



^yvcc ^ 



tDCL2- 



CL2 



MA, MB 



FLM 



D1 



D2 



*DD- 



-t WC L2 ■ 



2 

J 2 Vc< 



V 



♦ t DM * 



1 



V cc 



-tSD" 



tDF- 



)( 



X 
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Display Control Instructions 

Display is controlled by writing data into the 
instruction register and 13 data registers. The 
RS signal distinguishes the instruction regis- 
ter from the data registers. 8-bit data is 
written into the instruction register with RS 
= 1, and the data register code is specified. 
After that, the 8-bit data is written in the 
data register and the specified instruction is 
executed with RS = 0. 



During the execution of the instruction, no 
new instruction can be accepted. Since the 
busy flag is set during this, read the busy flag 
and make sure it is before writing the next 
instruction. 

1. Mode control 

Code $"00" (hexadecimal) written into the 
instruction register specifies the mode con- 
trol register. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 


























Mode control reg. 














Mode data 



DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Cursor/blink 


CG 


Graphic/character 
display 


I/O 


I/O 














Cursor off 


lal CG 


Character display 
(Character mode) 









1 






Cursor on 






1 









Cursor off, character blink 


Intern 








1 


1 






Cursor blink 


















1 


Cursor off 


lal CG 











1 






Cursor on 








1 









Cursor off, character blink 


c 

l_ 

<u 

ifi 








1 


1 






Cursor blink 
















1 









Graphic mode 


Display on/off 


Master/slave 


Blink 


Cursor 


Graphic/ character 
mode 


Ext./lnt. CG 







1 : Master mode 
0: Slave mode 



1 : Display on 
0: Display off 
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2. Set character pitch 

Vp indicates the number of vertical dots per 
character. The space between the verticaiiy- 
displayed characters is included in the 
determination. This value is meaningful only 
during character display (in the character 
mode) and becomes invalid in the graphic 
mode. 



Hp indicates the number of horizontal dots 
per character in display, including the space 
between horizontally-displayed characters. 
In the graphic mode, the Hp indicates the 
number of bits of 1-byte display data to be 
displayed. 

There are three Hp values (table 1). 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 























1 


Character pitch reg. 








(V p - 1) binary 





(Hp - 1) binary 



Table 1 H P Values 



Hp 


DB2 


DB1 


DBO 


Horizontal character pitch 


6 


1 





1 


6 


7 


1 


1 





7 


8 


1 


1 


1 


8 
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3. Set number of characters 

Hn indicates the number of horizontal char- n = Hp x Hn 

acters in the character mode or the number of 

horizontal bytes in the graphic mode. If the H N can be set to an even number from 2 to 
total sum of horizontal dots on the screen is 128 (decimal), 
taken as n, 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 





Number-of -characters reg. 











(Hn -1) binary 



4. Set number of time divisions (inverse multiplex display. 

of display duty ratio) 1/Nx is the display duty ratio. 

Nx indicates the number of time divisions in A value of 1 to 128 (decimal) can be set to Nx. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 


1 


Number-of -time-divisions 
reg. 











(Nx - 1) binary 



5. Set cursor position 

Cp indicates the position in a character 
where the cursor is displayed in the character 
mode. For example, in 5 x 7 dot font, the 
cursor is displayed under a character by 
specifying Cp = 8 (decimal). The cursor hori- 
zontal length is equal to the horizontal char- 
acter pitch Hp. A value of 1 to 16 (decimal) 



can be set to Cp. If a smaller value than the 
vertical character pitch Vp is set (Cp ^ Vp), 
and a character overlaps with the cursor, the 
cursor has higher priority of display (at cursor 
display on). If Cp is greater than Vp, no cursor 
is displayed. The cursor horizontal length is 
equal to Hp. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 

















1 








Cursor position reg. 




















(C p - 1 ) binary 



6. Set display start low order address 

Cause display start addresses to be written in 
the display start address registers. The dis- 
play start address indicates a RAM address at 
which the data displayed at the top left end 
on the screen is stored. In the graphic mode, 



the start address is composed of high/low 
order 16 bits.. In the character display, it is 
composed of the lower 4 bits of high order 
address (DB3-DB0) and 8 bits of low order 
address. The upper 4 bits of high order 
address are ignored. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 











Display start address reg. 
(low order byte) 








(Start low order address) binary 
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Set display start high order address 



Register 


r> A a/ 
r»/ vv 


RS 


DB7 


Pin/? 
UDO 


r\nc 
UDO 


DB4 


DBS 


DB2 


DB1 


DBC 


Instruction reg. 





1 














1 








1 


Display start address reg. 
(high order byte) 












(Start high order address 


>) binary 





7. Set cursor address (low order) (RAM 
write low order address) 

Cause cursor addresses to be written in the 
cursor address counters. The cursor address 
indicates and address for sending or receiv- 
ing display data and character codes to or 
from the RAM. 

That is, data at the address specified by the 
cursor address are read/written. In the char- 
acter mode, the cursor is displayed at the 
character specified by the cursor address. 

A cursor address consists of the low-order 



address (8 bits) and the high-order address (8 
bits). Satisfy the following requirements set- 
ting the cursor address (table 2). 

The cursor address counter is a 16-bit up- 
counter with set and reset functions. When 
bit N changes from 1 to 0, bit N + 1 is in- 
clemented by 1. When setting the low order 
address, the LSB (bit 1) of the high order 
address is inclemented by 1 if the MSB (bit 8) 
of the low order address changes from 1 to 0. 
Therefore, set both the low order address and 
the high order address as shown in the table 
2. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 





Cursor address counter 
(low order byte) 








(Cursor low order address) binary 



Set cursor address (high order) (RAM write high order address) 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 


1 


Cursor address counter 
(high order byte) 








(Cursor high order address) binary 



Table 2 Cursor Address Setting 




Condition 


Requirement 


When you want to rewrite (set) both the low order 


Set the low order address and then set the high 


address and the high order address. 


order address. 


When you want to rewrite only the low order 


Don't fail to set the high order address again after 


address. 


setting the low order address. 


When you want to rewrite only the high order 


Set the high order address. You don't have to set 


address. 


the low order address again. 
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8. Write display data 

After the code $"OC" is written into the 
instruction register with RS = 1, 8-bit data 
with RS = should be written into the data 



register. This data is transferred to the RAM 
specified by the cursor address as display 
data or character code. The cursor address is 
increased by 1 after this operation. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 








RAM 








MSB (pattern data, character code) LSB 



9. Read display data 

Data can be read from the RAM with RS = 
after writing code $"OD" into the instruction 
register. Figure 1 shows the read procedure. 

This instruction outputs the contents of data 
output register on the data bus (DBO to DB7) 



and then transfers RAM data specified by the 
cursor address to the data output register, 
also increasing the cursor address by 1. After 
setting the cursor address, correct data is not 
output at the first read but at the second one. 
Thus, make one dummy read when reading 
data after setting the cursor address. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 





1 


RAM 


1 





MBS (pattern data, character code) LSB 



cs 



jTiijn_rLrLJ-LJT_JTJ^^ 



R/W 



RS 



i_r 



"L_r~L_r~i 



Busy 
check 



Cursor 
address 

Data 

output 

register 



Cursor 


Cursor 


Busy 


Cursor 


Cursor 


Busy 


Data 


Dummy 


Busy 


N 


Busy 


N + 1 




address 


low 


check 


address 


high 


check 


read 


read 


check 


address 


check 


address 




set 


order 




set 


order 




mode 






data 




data 




mode 


address 




mode 


address 










read 




read 






write 






write 
























N 


N + 1 


N + 2 


N + 3 





N address data 



N + 1 address 
data 



Figure 1 Read Procedure 
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10. Clear bit 

The ciear/set bit instruction sets 1 bit in a 
byte of display data RAM to or 1, respec- 
tively. The position of the bit in a byte is 
specified by Nb and RAM address is specified 



by cursor address. After the execution of the 
instruction, the cursor address is automati- 
cally increased by 1. Nb is a value from 1 to 8. 
N B = 1 and N B = 8 indicates LSB and MSB, 
respectively. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 





Bit clear reg. 























(Nb - 1 ) binary 



Set bit 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 


1 


Bit set reg. 























(Nb - 1 ) binary 



11. Read busy flag 

When the read mode is set with RS = 1, the 
busy flag is output to DB7- The busy flag is set 
to 1 during the execution of any of the other 
instructions. After the execution, it is set to 0. 
The next instruction can be accepted. No 
instruction can be acceped when busy flag = 
1. Before executing an instruction or writing 
data, perform a busy flag check to make sure 



the busy flag is 0. When data is written in the 
register (RS = 1), no busy flag changes. Thus, 
no busy flag check is required just after the 
write operation into the instruction register 
with RS = 1. 

The busy flag can be read without specifying 
any instruction register. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Busy flag 


1 


1 


I/O 
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RD 



X 

z 



-Hp 



RD 7 



-PBBBnnnrJiBBBnnD-T— 

■□□□■□□□■□□□■nn 

□□nnnnnonnnnnn 

-t-fbriritirr" 7 -- 

□□□ 
□nn 

□□□ 



STA 



□□□■□□□n 

■□□nunnn 

□□nnrjnnr.! 
□nnnnnnn 



CURA 



XJnnGi'innriii 
"nmniDnnq" 

■ □□□■□□□! 
■□□□■□□□! 
■□□□■□□D 



-HN (digit)- 



Symbol Name Meaning Value 



Hp 


Horizontal character pitch 


Horizontal character pitch 


6 to 8 dots 


H N 


Number of horizontal 
characters 


Number of horizountal characters per line (number 
of digits) in the character mode or number of bytes 
per line in the graphic mode. 


2 to 128 digits 
(an even num- 
ber) 


v P 


Vertical character pitch 


Vertical character pitch 


1 to 1 6 dots 


C p 


Cursor position 


Line number on which the cursor can be displayed 


1 to 1 6 lines 


N X 


Number of time divisions 


Inverse of display duty ratio 


1 to 1 28 lines 



Note: If the number of vertical dots on the screen is m, and the number of horizontal dots is n, 



1/m = 1 /Nx = display duty ratio 

n = Hp x Hn, m/Vp = Number of display lines 

C P £ V p 



Figure 2 Display Variables 
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Display Mode 



> 
3 



Character 
display 



2 



o 

CO 



3 



i 

I 



Graphic 



o 
> 

CO 



Display Data 
from MPU 



Character code 
(8 bits) 



Display pattern 
(8 bits) 



RAM 



b7 b6 b 5 b 4 b 3 b 2 b 



Start 
address 



b7 b6 b5 b 4 b3 b 2 bi bo 



Start 
address 



T 



Liquid Crystal 
Display Panel 



Hp 



ABC 



I 

(D 



« 
O 

00 
CO 

o 



Hp : 6, 7, or 8 dots 



b 



Hp 



8 dots 



8 dots 



Hp : 8 dots 
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Internal Character Generator Patterns and Character Codes 



\ Higher 
LowerMttts 
4 bits 


0010 


0011 


0100 


0101 


0110 


0111 


1010 


1011 


1100 


1101 


1110 


1111 


xxx x 0000 






F 1 


-— ■ 

■ 

■ 


P 

3 




aaaaa 


■ p -3 


aaa 
"""a 


i"V 

Ml 


r 


x x x x 0001 


I 

.... i 


■ 


U 

1 I 


V) 




•si 

3 


8"8 


"P 

,„,« 


aajaa 


SnaS 


"...3 


1 


xxx x0010 


1! 


■ 

■■■■■ 


■ 


F? 


h 


i 


r 


i 


■ • i 

"j 

a 


8 

V 

a - B 


.—. 

P 


R 

"aaa 1 


xxx x001 1 


*: 

8 


■ 


n 


s 

■■■■■ 

3 


r. 


■»■■■ 


i 


,.5.. 

■• 


""WW" 

T 




£■ 


Si'." 1 


xxx x0100 




4 




H 

Mffi 


+. 


■ 

% 


aaaaa 
aaSaa 


\. 

3 


f? 
i 


1 .1 

I- 1 


O 
aS Sa 


A A A aUIUI 




5 


ilill 


ii 




i J 


S3 


rt 

■ i 


aa|aa 


1 

aaaaa 


a 

IT 


11 
"aa"! 


xxx x01 10 




_„ .JBlf 


i::r 

i 


V 


f 


V 


aaael 

»' 


ti 

■■■■ 


aaa 
aaaaa 


aaaaa 
aaaai 


H 


|aaii 
Saaaa ■ 


V V V v A1 1 1 

AAA XUI 1 I 




7 

i 


R 


hi 


q 


h! 

mm 


aaaa| 

3" 

a 


3 


aaaaa 

X" 

* 


H ' 
aaaag 

■" , 


H 
■i 


Tj" 

a" 8a 


x x x x 1 000 


i. 


aaa 
■ ■ 

.••*; 


H 


t s 

V 
■ ■_ 

1 I 


h 


p". 


V 
•1 




aaSaa 
"I" 


•J 


aaa 

.r 


a" B a 


x x x x 1001 


■ 


— iiff"" 

4 


T 


v 


■ 

"i 
•S- 


»»»* 


8 .8.| 


T 


! 

a" 


3 iV B 


-i 




x x x x 1010 




:: 

13 


.T 


■■■■I 
aaaaa 


B— 

.1 

M 




aaaaa 
aaaaa 


"1 


3 8 


|..- 

3a a 


a 

. 1 


:a:: 

3 


x x x x 1 01 1 


aa|ea 


:: 


k" 


aa 


■ 


8 


■■si- 


If 


jaaaa 


n 


mm 

:■: 




x x x X1100 


? 


< 




¥ 


■i 

i. 


I 


|? 


"S 


aaaa| 
■■" 




* 


n 


x XXX1101 




■■■■■ 


r-- 




pi 


> 


■■ell 


aaaag 


•\ 




t 


a 
a 


x xxxl 110 


m 


> 


N 




n 


■■■|a 






8 3 


•/■ 


n 




XXXX1111 


/ 


J 


Q 






Hi- 




y 


"3 


•3 


o 
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A 
A 12 

A, 3 

A 14 

A, 5 
VMA 
D 

J 

D 7 
42 

R/W 



+ 5V 
GND 
-5V 
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1d~ 



Open 
VccH 



RS 

CS 
DB 

5 

DB 7 
E 

R/W 



SYNC 

CPO 

RES 

R C CR 



R'M 

S/W — 1 



WE 
MA 

J 

MA 10 

MA„ 

MA 12 

i 

MA 14 
MA 15 
MD 

I . 
MD 7 

RD 

i 

RD 7 

D1 

FLM 

MB 

CL1 

CL2 

D2 

MA 



WE OE 
Ao RAM(1) 
I HM6116 

A10 

CS 

t 



V 



"U 



WE 




OE 


Ao 

I 


RAM (2) 
HM6116 




A10 


CS 





-C»- 



IE 



Ao~A 2 



ROM 
HN462716 



OE 
CE 



Fi 



— Open 



D1 




FLM 




MB 




CL1 




CL2 
D2 


LCD Module 


LM 200 


+ 5V 




GND 




-5V 




V 





> 








1—* 

a 










GO 








§ 








sr 




R 








1 








Mode 




i, Exf 




(D 




3 




ft 




O 




P 




O 




cr 






H 








1 




<D 




•1 












§ 
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X 













HD61830 



Application 2 (Graphic Mode) 
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Configuration Examples 
Graphic Mode 



MPU 



HD61830 



MD0-MD7 



Liquid crystal 
display module 



MA -MA 15 



RAM 



Character Mode (1) (Internal Character Generator) 



MPU 



HD61830 



MD -MD 7 



Liquid crystal 
display module 



MAq-MAh 



RAM 



Character Mode (2) (External Character Generator) 



MPU 



HD61830 



RD0-RD7 



MA 12 - 
MA15 



ROM 



MD - 
MD 7 



Liquid crystal 
display module 



MAo-MAr 



RAM 



Parallel Operation 



(Master) 



MPU 











HD61830(1) 
SYN($ f 



CS 



CPO 



RAM 



L*|CR SYNC 
HD61830(2) 

EE 



(Slave) 



RAM 



Liquid crystal 
display module (1 



Liquid crystal 
display module (2) 



Driving both of two 
module by same 
common signal 
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HD61 830B 

LCTC (LCD liming Controller) 



Description 

The HD61830B is a dot matrix liquid crystal 
graphic display controller LSI that stores the 
display data sent from an 8-bit microcontrol- 
ler in the external RAM to generate dot 
matrix liquid crystal driving signals. 

It has a graphic mode in which 1-bit data in 
the external RAM corresponds to the on/off 
state of 1 dot on liquid crystal display and a 
character mode in which characters are dis- 
played by storing character codes in the 
external RAM and developing them into the 
dot patterns with the internal character 
generator ROM. Both modes can be provided 
for various applications. 

The HD61830B is produced by the CMOS 
process. Thus, combined with a CMOS mi- 
crocontroller it can complete a liquid crystal 
display device with lower power dissipation. 



Features 



Pin Arrangement 



O ■- <N tO « ID ID h 10 01 

CD< <<< << <<<< 

55555 555555 

^ FFFIRFI Iflmppi 



JMA 10 
IMA,, 
J MA 12 
]MA 13 
JMA 14 
] MA 15 
|D 2 
Di 
CL 2 
RD 
j RDi 
j RD 2 
] RD 3 
j RD 4 
| RD 5 

|rd 6 

J RD 7 
j MD'o 
]MD, 



00 CQ 00 00 CQ Jj QOQQQQ 
QQQQQ> 555555 



(Top View) 
(FP-60) 



• Dot matrix liquid crystal graphic display 
controller 

• Display control capacity 
-Graphic mode: 512k dots (2 16 bytes) 
—Character mode: 4096 characters (2 12 

characters) 

• Internal character generator ROM: 7360 
bits 

—160 types of 5 x 7 dot characters 
—32 types of 5 x 11 dot characters 

Total 192 characters 
— Can be extended to 256 characters (4k 

bytes max.) by external ROM 

• Interfaces to 8-bit MPU 

• Display duty cycle (Can be selected by a 
program) 

Static to 1/128 duty cycle 

• Various instruction functions 

—Scroll, Cursor on/off /blink, Character 
blink, Bit manipulation 

• Display method: Selectable A or B types 

• Operating frequency: 2.4 MHz 

• Low power dissipation 

• Power supply: Single +5V + 10% 

• CMOS process 

• Package: 60-pin plastic QFP (FP-60) 
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SYNCCLt mambflm 



DB0-DB7 - 



cs 

E 

RS 

R/W 

RES 



T 



a ^ 
to 2 oc 



J 



Dot counter 
(DC) 



Data 
output 
regis- 
ter 

(DOR) 



Dot regis- 
ters 
JDR) 





Refresh address 


16 






counted IMRACt) 


■h 






Refresh address 
counter(2)(RAC 2 ) 


16 
■h 


tiplexe 


f 


Cursor address 
counter (CAC) 


16 


2 



Busy 

flag 

(BF) 



o 

o q5 



Line address 
counter 



Mode 
control 
regis- 
ter 

(MCR) 



Cursor 

signal 

generator 



c c 
o Ui 



Oscillator 
circuit 



CL 2 



CR 



Character 
generator 
ROM 
(CGROM) 



Multiplexer 



Parallel/ 

serial 

converter 



Parallel/ 

serial 

converter 



CE 



OE 



WE 
"1 



RAM 



MD0-MD7 
1 



j Extended | 
L«4 external | 
ROM I 
[ r J 

I 



l 

RD0-RD7 



D 2 



♦ When extended external ROM is used, MA -MAn are 
applied to RAM, MA 12 -MA 15 are applied to extended 
external ROM . 



HD61830B 



Block Functions 
Registers 

The HD61830B has the five types of registers: 
instruction register (IR), data input register 
(DIR), data output register (DOR), dot regis- 
ters (DR), and mode control register (MCR). 

The IR is a 4-bit register that stores the 
instruction codes for specifying MCR, DR, a 
start address register, a cursor address regis- 
ter, and so on. The lower order 4 bits DBO to 
DB3 of data buses are written in it. 

The DIR is an 8-bit register used to temporar- 
ily store the data written into the external 
RAM, DR, MCR, and so on. 

The DOR is an 8-bit register used to tempo- 
rarily store the data read from the external 
RAM. Cursor address information is written 
into the cursor address counter (CAC) 
through the DIR. When the memory read 
instruction is set in the IR (latched at the 
falling edge of E segnal), the data of external 
RAM is read to DOR by an internal operation. 
The data is transferred to the MPU by reading 
the DOR with the next instruction (the con- 
tents of DOR are output to the data bus when 
E is at the High level). 

The DR are registers used to store dot infor- 
mation such as character pitches and the 
number of vertical dots and so on. The infor- 
mation sent from the MPU is written into the 
DR via the DIR. 

The MCR is a 6-bit register used to store the 
data which specifies states of display such as 
display on/off and cursor on/ off /blink. The 
information sent from the MPU is written in it 
via the DIR. 

Busy Flag (BF) 

The busy flag = 1 indicates the HD61830B is 
performing an internal operation. Instruc- 
tions cannot be accepted. As shown in Con- 
trol Instruction, read busy flag, the busy flag 
is output on DB7 under the conditions of RS = 
1, R/W = 1, and E = 1. Make sure the busy 
flag is before writing the next instruction. 

Dot Counters (DC) 

The dot counters are counters that generate 
liquid crystal display timing according to the 
contents of DR. 



Refresh Address Counters (RAC1/RAC2) 

The refresh address counters RAC1 and RAC2 
control the addresses of external RAM, char- 
acter generator ROM (CGROM), and 
extended external ROM. The RAC1 is used for 
upper half of the screen and the RAC2 for the 
lower half. In the graphic mode, 16-bit data 
is output and used as the address signal of 
external RAM. In the character mode, the 
high order 4 bits (MA12— MA15) are ignored. 
The 4 bits of line address counter are output 
instead and used as the address of extended 
ROM. 

Character Generator ROM 

The character generator ROM has 7360 bits in 
total and stores 192 types of character data. A 
character code (8 bits) from the external RAM 
and a line code (4 bits) from the line address 
counter are applied to its address signals, and 
it outputs 5-bit dot data. 

The charater font is 5 x 7 (160 characters) or 
5 x 11 (32 characters). The use of extended 
ROM allows 8 x 16 (256 characters max.) to 
be used. 

Cursor Address Counter 

The cursor address counter is a 16-bit counter 
that can be preset by instruction. It holds an 
address when the data of external RAM is 
read or written (when display dot data or a 
character code is read or written). The value 
of the cursor address counter is automatically 
increased by 1 after the display data is read or 
written and after the set/clear bit instruction 
is executed. 

Cursor Signal Generator 

The cursor can be displayed by instruction in 
character mode. The cursor is automatically 
generated on the display specified by the 
cursor address and cursor position. 

Parallel/Serial Conversion 

The parallel data sent from the external RAM, 
character generator ROM, or extended ROM 
is converted into serial data by two parallel/ 
serial conversion circuits and transferred to 
the liquid crystal driver circuits for upper 
screen and lower screen simultaneously. 
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Terminal Functions 



Name Function 



DBO- 


DB7 


Data bus: Three-state I/O common terminal 
Data is transferred to MPU through DBO to DB7. 


cs 




Chip select: Selected state with CS = 


R/W 




Read/Write: R/W = 1: MPU <- HD61830B 
R/W = 0: MPU t* HD61830B 


RS 




Register select: RS = 1 : Instruction register 
RS = 0: Data register 


E 




Enable: Data is written at the fall of E 
Data can be read while E is 1 


CR 




External clock input 


RES 




Reset: RES = results in display off , slave mode and Hp = 6 


MAO- 


-MA1 5 


External RAM address output 
In character mode, the lane code for external CG is output 
through MA12 to MA15 (0: Character 1st line, 
F: Character 16th line) 


MDO- 


-MD7 


Display data bus: Three-state I/O common terminal 


RDO- 


RD7 


ROM data input: Dot data from external character generator is input 


WE 




Write enable: Write signal for external RAM 


CL2 




Display data shift clock for LCD drivers 


CL1 




Display data latch signal for LCD drivers 


FLM 




Frame signal for display synchronization 


MA 




Signal for converting liquid crystal driving signal into AC, A type 


MB 




Signal for converting liquid crystal driving signal into AC, B type 


D1 f D2 


Display data serial output 

D1 : For upper half of screen 
D2 : For lower half of screen 


SYNC 




Synchronous signal for parallel operation 

Three-state I/O common terminal (with pull-up MOS) 

Master: Synchronous signal is output 
Slave: Synchronous signal is input 


CE 




Chip enable 

CE = 0: Chip enables make external RAM in active 


OE 




Output enable 

OE = 1 : Output enable informs external RAM that HD61830B requires data bus 


NC 




Unused terminal. Don't connect any wires to this terminal 



446 
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HD61830B 



Absolute Maximum Ratings 



Item 


Symbol 


Value 




Unit Note 


Supply voltage 


Vcc 




- 0.3 to + 0.7 




V 1,2 


Terminal voltage 


V T 




- 0.3 to Vcc + 0.3 


V 1,2 


Operating temperature 


Topr 




- 20 to + 75 




°C 


Storage temperature 


Tstg 




- 55 to + 125 




°C 


Notes: 1 . All voltage is referred to GND = V. 

2 . If LSIs are used beyond absolute maximum ratings, they may be permanently destroyed. We 
strongly recommend that you use the LSIs within electrical characteristic limits for normal 
operation, because use beyond these conditions will cause malfunction and poor reliability. 


Electrical Characteristics 










Item 


Symbol 


Min 


Typ Max 


Unit 


Test Condition Note 


Input high voltage (TTL) 


V,H 


2.2 


Vcc 


V 


1 


Input low voltage (TTL) 


V, L 





- 0.8 


V 


2 


Input high voltage 


V|HR 


3.0 


Vcc 


V 


3 


Input high voltage (CMOS) 


V|HC 


0.7 V cc 


V CC 


V 


4 


Input low voltage (CMOS) 


V ILC 





- 0.3 V cc 


V 


4 


Output high voltage (TTL) 


V 0H 


2.4 


Vcc 


V 


- Ioh = 0.6 mA 5 


Output low voltage (TTL) 


Vol 





- 0.4 


V 


Iol = 1 .6 mA 5 


Output high voltage (CMOS) 


VOHC 


Vcc - 0.4 — Vcc 


V 


- Ioh = 0.6 mA 6 


Output low voltage (CMOS) 


VOLC 





- 0.4 


V 


loi = 0.6 mA 6 


Input leakage current 


l|N 


- 5 


- 5 




V IN = 0-Vcc 7 


Three-state leakage current 


Itsl 


- 10 


- 10 


mA 


Vout = 0-Vcc 8 


Pull-up current 


IPL 


2 


10 20 


M 


V in = GND 9 


Power dissipation 


Pw 




- 50 


mW 


External clock 1 
fop = 2.4 MHz 


Notes: 1 . Applied to input terminals and I/O common terminals, except terminals SYNC, CR, and 
RES. 

2. Applied to input terminals and I/O common terminals, except terminals SYNC and CR. 

3. Applied to terminal RES. 

4. Applied to terminals SYNC and CR. 

5. Applied to terminals DB0-DB7, WE, MA0-MA1 5, OE, CE, and MD0-MD7. 

6. Applied to terminals SYNC, FLM, CL1 , CL2, D1 , D2, MA, and MB. 

7. Applied to input terminals. 

8. Applied to I/O common terminals. However, the current which flows into the output drive 



MOS is ex cluded . 
9. Applied to SYNC, DB0-DB7, and RD0-RD7. 

10. The current which flows into the input and output circuits is excluded. When the input of 
CMOS is in the intermediate level, current flows through the input circuit, resulting in the 
increase of power supply current. To avoid this, input must be fixed at high or low. 
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Input Terminal 



Applicable terminal: CS, E, RS, R/W, RES, CR Applicable terminal: RD0-RD7 (With pull-up 



(Without pull-up MOS) 



MOS) 



r-|H PM OS 



-| K-i NMOS 



V cc V cc 
^ — |[~-lpMOS ~| ^JpMOS 



(Pull-up MOS) 



H Pn NMOS 



Output Terminal 

Applicable terminal: CL1, CL2, MA, MB, FLM, 
Dl, D2, WE, OE, CE, MA0-MA15 




I/O Common Terminal 



Applicable terminal: DB0-DB7, SYNC, MDO- 
MD7 (MD0-MD7 have no pull-up MOS) 



V cc 

^ (fijpMOS 

(Pull-up MOS) 




(Output circuit) 
(Three state) 



Enable 



Data 
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HD61830B 



Clock Operation 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


External clock operating 
frequency 


fcp 


100 




2400 


kHz 


1 


External clock duty 


Duty 


47.5 


50 


52.5 


% 


1 


External clock rise time 


trcp 


— 


— 


25.0 


ns 


1 


External clock fall time 


tfcp 






25.0 


ns 


1 


SYNC output hold time 


tHSYO 


30 






ns 


2, 3 


SYNC output delay time 


tDSY 






210 


ns 


2, 3 


SYNC input hold time 


tHSYI 


10 






ns 


2 


SYNC input set-up time 


tsSY 






180 


ns 


2 



Notes: 1 . Applied to external clock input terminal. 



Oscillator 



CR 




x100% 



2. Applied to SYNC terminal. 



CR 



SYNC 
(Output: 
at master mode) 



SYNC 
(Input: at slave mode) 




3. Testing load circuit. 



Test o~ 
point 



C L C L = 30pF 

(C L includes jig capacitance) 
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MPU Interface 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Enable cycle time 




tCYC 


1 .0 


— 


— 


M S 


Enable pulse width 


High level 


tWEH 


0.45 


— 


— 


,uS 




Low level 


tWEL 


0.45 


— 


— 


MS 


Enable rise time 




tEr 


— 


— 


25 


ns 


Enable fall time 




t E f 


— 


— 


25 


ns 


Setup time 




tAS 


140 


— 


— 


ns 


Data setup time 




tDSW 


225 






ns 


Data delay time 




tDDR 






225 


ns (Note) 


Data hold time 




tDHW 


10 






ns 


Address hold time 




tAH 


10 






ns 


Data hold time 




tDH 


20 






ns 



Note: The following load circuit is connected for specification: 



CS, R/W, RS 



DB -DB 7 
(MPU-*HD61830B) 



DB0-DB7 
(MPl>-HD61830B) 



2.2V 



0.8V 



tAS 




2.2V 
0.8V 



tCYC 



tWEH 



tEf" 



X 



.2V 
1.8V 



-tDDR 



t\A/EL 



tAH 



X 



tDHW 



X 



tDH 




Test 
point 

* R L = 2.4kQ 

R =11 kQ 

C = 1 30 pF (C includes jig capacitance) 
Diodes Q, to D 4 : 1S2074(fi) 
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External RAM and ROM Interface 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


MA0-MA15 delay time 


tDMA 






300 


ns 


1 , 2, 3 


MA0-MA15 hold time 


tHMA 


40 






ns 


1 , 2, 3 


CE delay time 


tDCE 






300 


ns 


1 , 2, 3 


CE hold time 


tHCE 


40 






ns 


1 , 2, 3 


OE delay time 


tDOE 






300 


ns 


1 , 3 


OE hold time 


tHOE 


40 






ns 


1, 3 


MD output delay time 


tDMD 






150 


ns 


1, 3 


MD output hold time 


tHMDW 


10 






ns 


1, 3 


WE delay time 


tDWE 






150 


ns 


1, 3 



WE clock pules width twwE 150 — — ns 1,3 



MD output high impedance 
timed) 


tZMDF 


10 






ns 


1, 3 


MD output high impedance 
time (2) 


tZMDR 


50 






ns 


1, 3 


RD data set-up time 


tSRD 


50 






ns 


2 


RD data hold time 


tHRD 


40 






ns 


2 


MD data set-up time 


tSMD 


50 






ns 


2 


MD data hold time 


tHMD 


40 






ns 


2 



Notes: 1 . RAM write timing 



-t- 

i0.7Vcc x 



MA -MA 15 



WE 

MD0-MD7 
(Output) 




tHMDW 



T1 : Memory data refresh timing for upper screen 
T2: Memory data refresh timing for lower screen 
T3: Memory read/write timing 
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Notes: 2. ROM/RAM read timing 




* 1 This figure shows the timing for Hp = 8. 

For Hp = 7, time shown by "b" becomes zero. For Hp = 6, time shown by "a" and "b" 
become zero. 

Therefore, the number of clock pulses during T1 become 4, 3, or 2 in the case of Hp = 
8, Hp = 7, or Hp = 6 respectively. 

* 2 The waveform for instructions with memory read is shown with a dash line. In other cases, 

the waveform shown with a solid line is generated. 
*3 When an instruction with RAM read/write is excuted, the value of cursor address is 
output. In other cases, invalid data is output. 

* 4 When an instruction with RAM read is excuted, HD61 830B latches the data at this timing. 

In other cases, this data is invalid. 



3. Test load circuit 



Test 
point 




R L = 2.4kQ 
R =11kQ 

C =7 50 pF (C includes jig capacitance) 
Diodes D, to D 4 : 1S2074® 
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LCD Driver Interface 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Note 


Clock cycle time 


twCL2 


416 


- 


- 


ns 


1, 3 


Clock pulse width 
(Hiah level) 


twCH 


150 


- 


- 


ns 


1, 3 


Clock pulse width 
(Low level) 




150 






ns 


1, 3 


Data delay time 


tDD 


— 


— 


50 


ns 


1, 3 


Data hold time 


tDH 


100 


— 


— 


ns 


1, 3 


Clock phase difference ( 1 ) 


tCL1 


100 


— 


— 


ns 


1, 3 


Clock phase difference (2) 


tCL2 


100 


— 


— 


ns 


1, 3 


Clock phase difference (3) 


tCL3 


100 


— 


— 


ns 


1, 3 


MA, MB delay time 


tDM 


-200 




200 


ns 


1, 3 


FLM set-up time 


tSF 


400 






ns 


2, 3 


FLM hold time 


tHF 


1000 






ns 


2, 3 


MA set-up time 


tSMA 


400 






ns 


2, 3 


MA hold time 


tHMA 


1000 






ns 


2, 3 
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Notes: 1 . 



CL 2 



CL, 



t\/VCL2 



twCH 



J 0.3Vfcc \ f \ / 

t C L1 tcL2 tCL3 



- toD 



*WCL 



/0.7V CC *r 
A 0.3V C c \ 



D lf D 2 



MA, MB 



7V CC 
3V CC 



K 



-tDM 



•7V CC 
0.3V CC 



X 



2. 



CL, 



FLM 



/ v 




0.7V CC 
r 0.3V cc 




t SF 


t HF 








) 


^o.yvcc A 

t 0.3V cc 




tSMA 








P 






^o.yvcc 

0.3V CC 



3. Test load circuit 



Test o -i 

point X cl CL = 1 00 pF ( Cl inC,UdeS iig ) 

\ capacitance / 
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Display Control Instructions 

Display is controlled by writing data into the 
instruction register and 13 data registers. The 
RS signal distinguishes the instruction regis- 
ter from the data registers. 8-bit data is 
written into the instruction register with RS 
= 1, and the data register code is specified. 
After that, the 8-bit data is written in the 
data register and the specified instruction is 
executed with RS = 0. 



During the execution of the instruction, no 
new instruction can be accepted. Since the 
busy flag is set during this, read the busy flag 
and make sure it is before writing the next 
instruction. 

1. Mode control 

Code $"00" (hexadecimal) written into the 
instruction register specifies the mode con- 
trol register. 



Register 


R/W 


RS 


DB7 


D66 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 


























Mode control reg. 














Mode data 



DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Cursor/blink 


CG 


Graphic/character 
display 


I/O 


I/O 














Cursor off 




Character display 
(Character mode) 









1 






Cursor on 


O 

CJ 






1 









Cursor off, Character blink 


Interne 








1 


1 






Cursor blink 
















1 


Cursor off 


tal CG 











1 






Cursor on 








1 









Cursor off, character blink 


i_ 








1 


1 






Cursor blink 
















1 









Graphic mode 


Display ON/OFF 


Master/slave 


Blink 


Cursor 


Graphic/character 
mode 


Ext./lnt.CG 







1 : Master mode 
0: Slave mode 



1 : Display ON 
0: Display OFF 
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2. Set character pitch 

Vp indicates the number of vertical dots per 
character. The spece between the vertically - 
displayed characters is considered for 
determination. This value is meaningful only 
during character display (in the character 
mode) and becomes invalid in the graphic 
mode. 



Hp indicates the number of horizontal dots 
per character in display, including the space 
between horizontally-displayed characters. 
In the graphic mode, the Hp indicates the 
number of bits of 1-byte display data to be 
displayed. 

There are three Hp values (Table 1). 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 























1 


Character pitch reg. 








(V p - 1 ) binary 





(Hp - 1 ) binary 



3. Set number of characters 

Hn indicates the number of horizontal char- n = Hp x Hn 

acters in the character mode or the number of 

horizontal bytes in the graphic mode. If the Hn can be set to an even number from 2 to 
total sum of horizontal dots on the screen is 128 (decimal), 
taken as n, 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 





Number-of-characters reg. 











(Hn -1) binary 



Table 1 H p Values 



Hp 


DB2 


DB1 


DBO 


Horizontal character pitch 


6 


1 





1 


6 


7 


1 


1 





7 


8 


1 


1 


1 


8 
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4. Set number of time divisions (inverse ratio, 
of display duty ratio) 

Nx indicates the number of time divisions in A value of 1 to 128 (decimal) can be set to Nx. 
multiplex display. 1/Nx is the display duty 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 




















1 


1 


Number-of-time shares reg. 











(Nx - 1 ) binary 



5. Set cursor position 

Cp indicates the position in a character 
where the cursor is displayed in the character 
mode. For example, in 5 x 7 dot font, the 
cursor is displayed under a character by 
specifying Cp = 8 (decimal). The cursor hori- 
zontal length is equal to the horizontal char- 
acter pitch Hp. A value of 1 to 16 (decimal) 



can be set to Cp. If a smaller value than the 
vertical character pitch Vp is set (Cp ^ Vp), 
and a character overlaps with the cursor, the 
cursor has higher priority of display (at cursor 
display on). If Cp is greater than Vp, no cursor 
is displayed. The cursor horizontal length is 
equal to Hp. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 

















1 








Cursor position reg. 




















(C p - 1 ) binary 



6. Set display start low order addres 

Cause display start addresses to be written in 
the display start address registers. The dis- 
play start address indicates a RAM address at 
which the data displayed at the top left end 
on the screen is stored. In the graphic mode, 



the start address is composed of high/low 
order 16 bits. In the character display, it is 
composed of the lower 4 bits of high order 
address (DB3-DB0) and 8 bits of low order 
address. The upper 4 bits of high order 
address are ignored. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 











Display start address reg. 
(low order byte) 












(Start low order 


address 


) binary 







Set display start high order address 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 








1 


Display start address reg. 
(high order byte) 








(Start high order address) binary 
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7. Set cursor address (low order) (RAM 
write low order address) 

Cans 8 cursor addresses to be written in the 
cursor address counters. The cursor address 
indicates an address for sending or receiving 
display data and character codes to or from 
the RAM. 

That is, data at the address specified by the 
cursor address are read/written. In the char- 
acter mode, the cursor is displayed at the 
character specified by the cursor address. 

A cursor address consists of the low-order 



address (8 bits) and the high-order address (8 
bits). Satisfy the following requirements 
when setting the cursor address (Table 2). 

The cursor address counter is a 16-bit up- 
counter with set and reset functions. When 
bit N changes from 1 to 0, bit N + 1 is in- 
cremented by 1. When setting the low order 
address, the LSB (bit 1) of the high order 
address is added by 1 if the MSB (bit 8) of the 
low order address changes from 1 to 0. 
Therefore, set both the low order address and 
the high order address as shown in table 2. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 





Cursor address counter 
(low order byte) 








(Cursor low order address) binary 



Set cursor address (high order) (RAM write high order address) 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 





1 


1 


Cursor address counter 
(high order byte) 








(Cursor high order address) binary 



Table 2 Cursor Address Setting 




Condition 


Requirement 


When you want to rewrite (set) both the low order 


Set the low order address and then set the high 


address and the high order address. 


order address. 


When you want to rewrite only the low order 


Don't fail to set the high order address again after 


address. 


setting the low order address. 


When you want to rewrite only the high order 


Set the high order address. You don't have to set 


address. 


the low order address again. 
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8. Write display data 

After the code $"0C" is written into the 
instruction register with RS = 1, 8 bit data 
with RS = should be written into the data 



register. This data is transferred to the RAM 
specified by the cursor address as display 
data or character code. The cursor address is 
increased by 1 after this operation. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 








RAM 








MSB (pattern data, character code) LSB 



9. Read display data after writing code $"0C" into the instruction 

Data can be read from the RAM with RS = register. Figure 1 shows the read procedure. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 





1 


RAM 


1 





MBS (pattern data, character code) LSB 



This instruction outputs the contents of data 
output register on the data bus (DBO to DB7) 
and then transfers RAM data specified by the 
cursor address to the data output register, 
also increasing the cursor address by 1. After 



setting the cursor address, correct data is not 
output at the first read but at the second one. 
Thus, make one dummy read when reading 
data after setting the cursor address. 



CS 



riJijn_riiTJTJ^JiJiJ~LjaTi^ 



R/W 



RS 



DB HJEHOAH^^ 



Busy 
check 



Cursor 
address 

Data 

output 

register 



Cursor 


Cursor 


Busy 


Cursor 


Cursor 


Busy 


Data 


Dummy 


Busy 


N 


Busy 


N + 1 




address 


low 


check 


address 


high 


check 


read 


read 


check 


address 


check 


address 




set 


order 




set 


order 




mode 






data 




data 




mode 


address 




mode 


address 










read 




read 






write 






write 




















1 




*Nl 




N 


N + 1 


N + 2 


N + 



•IN address data 



N + 1 address 
data 



Figure 1 Read Procedure 
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10. Clear bit 

The clear/set bit instruction sets 1 bit in a 
byte of display data RAM to or 1, respec- 
tively. The position of the bit in a byte is 
specified by Nb and RAM address is specified 



by cursor afddress. After the execution of the 
instruction, the cursor address is automati- 
cally increased by 1. Nb is a value from 1 to 8. 
N B = 1 and N B = 8 indicates LSB and MSB, 
respectively. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 





Bit clear reg. 























(Nb - 1 ) binary 



Set bit 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Instruction reg. 





1 














1 


1 


1 


1 


Bit set reg. 























(Nb - 1 ) binary 



11. Read busy flag 

When the read mode is set with RS = 1, the 
busy flag is output to DB7. The busy flag is set 
to 1 during the execution of any of the other 
instructions. After the execution, it is set to 0. 
The next instruction can be accepted. No 
instruction can be accepted when busy flag 
= 1. Before executing an instruction or writ- 
ing data, perform a busy flag check to make 



sure the busy flag is 0. When data is written 
in the register (RS = 1), busy flag doesn't 
change. Thus, no busy flag check is required 
just after the write operation into the 
instruction register with RS = 1. 

The busy flag can be read without specifying 
any instruction register. 



Register 


R/W 


RS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Busy flag 


1 


1 


I/O 


* 
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RDn 



X 

z 



-HP- 



RD 7 



■□□□-r- 





■□□□■□□□■□□□■□a 
■□□□■□□□■■■■□□a 
■■■■■□□□■□□□■a Q- 

□□□□□□□□□□□□□□ 



□□□ 
□□□ 
□□□ 



STA 



CURA 



□□□□□□□□ 
□□□□□□□□ 




(digit) 



Symbol Name Meaning Value 



Hp 


Horizontal character fitch 


Horizontal character pitch 


6 to 8 dots 


HfM 


Number of horizontal 
characters 


Number of horizontal characters per line (number of 
digits) in the character mode or number of bytes per 
line in the graphic mode 


2 to 128 digits 
(an even num- 
ber) 


v P 


Vertical character pitch 


Vertical character pitch 


1 to 1 6 dots 


C p 


Cursor position 


Line number on which the cursor can be displayed 


1 to 1 6 lines 


N x 


Number of time divisions 


Inverse of dispqay duty ratio 


1 to 1 28 lines 



Note: if the number of vertical dots on the screen is m, and the number of horizontal dots is n, 



1/m = 1/Nx = display duty ratio 

n = H p x Hn, m/V p = Number of display lines 

C p si V p 



Figure 2 Display Variables 
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Display Mode 



> 
3 



Character 
display 



o 



Graphic 



o 
> 



Display Data 
from MPU 



Character code 
(8 bits) 



Display pattern 
(8 bits) 



RAM 



b 7 b6 b 5 b 4 b3 b2 bj bp 



Start 
address 



1 1 



1 1 



b 7 be bs b 4 b3 b2 b^ bp 



Start 
address 



10 10 10 1 



1111111 



Liquid Crystal 
Display Panel 



Hp 



3 
o 
a 

CD 



o 

HA 

00 
CO 

o 
w 



ABC 



Hp: 6, 7, or 8 dots 



bp b 7L Hp 



8 dots 



8 dots 



Hp: 8 dots 
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Internal Character Generator Patterns and Character Codes 



Higher 

4 bits 


0010 


0011 


0100 


0101 


0110 


0111 


1010 


1011 


1100 


1101 


1110 


1111 


A A A A \J\JKJ\J 




■aft 

M 


a 1 ":" 

a 

aa a 
aaa 
aaa 


"i.. v 

a a 
aaaa 
a 
a 


a 

a^ 


a 

.... 






aaaa 


aaa 
aaa 


a , a 

s ■■■ 

aa a 


(•": 

aaaa 
a 

s 




xxx x0001 


s 

■ 
■ 

■ 


a 

■s 

a 

.!. 


aaa 
a a 

: : 

n 


a 1 **. 

:.: 

■m\ 


aaa 

■:::! 


aaaa 


8*5 


aaaaa 

a a 
aa 

a 


a 

aaa 
aaaaa 
a 


a" 

a 

SaaaS 


a a 
aaa 

aaaa 


"■8 














x x x x 00 1 


a • 


I lla I 
a 

a 

a 


alia 

aaaa" 
a a 
a a 


aaaa 
a a 

a a 


a 

a aa 
aa a 

a a 


a aa 
aa a 
a 


. 


a 

a 
aa 

a a 


aaa 
aaa 
aaa 


8 

a^a 


aaa 

:—: 


aaa 

hi 

aaa 




a 

.8 


xxx x001 1 


■ ■ 
■■■■■ 

■ ■ I 


aaeai 
a 

a 

a 


lift 
a a 


aaaa 

a 

aaa 

a 


aaa 

a 

a 


a""" 
aaa 


a 

... I 


a 

aaaaa 
a a 
a 


aaa 


aaaaa 

aaaaa 
a 
a 


aaa 

a 

aa 
\e." 


a aa 
8e*a" 
















x x x X0100 


.+■ 

aaa. 


a 

a a 
a a 
aaaaa 
a 


"■T- 
S "a 
a a 
a a 
a a 


aa 


■aa 


a" 

.. : 

a aa 
a a 
a a 


a~ 
a 
aaa 
a 

: a 




aaaaa 
a 
a 


a 
a 

aa 

s " 


a 

aaaaa 


8 8 


aaa 

S b b 8 

aa aa 






a 
a 


x x x x 0101 


aa a 
a - 

a 

a aa 
■■ 


aaaaa 
a 

■aaaL 


aaaaa 

a 

a 

a 
a 


a a 
a a 
a a 

a a 
a a 


aaa 

a 


a a 
a a 

: .: 


aa 
aa 


a 

aaaaa 
a 
aa 

■" 5 


a 

a 
a 


aaa 
a 
a 
a 


aaaa 

8 \ 

aaa 


'"a a " 
a a 

8 8 
•-.'8 












xxx x 01 1 


_ w 
a a 
a a 

s'v 


- ia 
a 

a 

aaaa 
a a 
a a 


-iaaai- 
a 

a 


a a 
a a 

a a 
a a 


aa 
a a 

a:. 


a . 
. a 
a a 


aaaaa 
a 

aaaa. 
. 

a 


aaaaa 
a a 
a a 
a a 
a a 


aaa 


aaaaa 
a 

aaaaa 
a 
a 


aa 
a a 
a a 

a 

-■_ 


aaaaa 
a 

a 
a 

aaaaa 






x x x x0111 


aa 
a 

a 


aaaaa 
a 

a 

a 


aaa 
a a 
a 

a aaa 
a a 
a a 


a a 
a a 
a a 
aaa 
aaa 


aaaa 
a a 
a a 

aaaa 


a a 
a a 
aaa 

a. a a 


aaaaa 
a 

aa 

a 


aaaaa 

a 

aaaaa 
a 

a 


aaaaa 
a 

a a 

a 
a a 


aaaaa 
a 
a 

a 


aaaa 
a a 
a a 

a 

..." 


aaaaa 
a a 
a a 

a aa 










A A A A | \JKJ\J 


a" 

a 
a 

«_j 


aaa 

a a 


a a 
a a 

aaaaa 
a a 


: : 

a 
a a 


s 

aa a 
a a 


a a 
a 


a 
aa 


a a 
a 


a 

a 
aaa 


8 8 

a a 
a 


a 


aaaaa 
"a" 


















A A A A | \J\J | 


— i ' 

■ 
a 


aaa 

aaaa 

■ a 


aaa 

a 
a 
a 


a a 

a a 
a 
a 


a 
a 
a 


a a 
aaaa 
a 


aaaaa 
a a 
a 


aaaa 
a 
a 


a 

a 
a 

a 


a a 

aaa 

aaa 


. 


a a 
a a 

aaaa 














AA— 






x xx x 1010 


a a a 

aaa 
a a a 
a 


- aa 

aa 

aa 


aaa" 

a 
a 

a a 


-«».•■ 
a* 

a 

a 


a'"" 

•! 

a 

a a 


aaaaa 

a 

a 


aaaaa 
a 


aaaaa 

a 
a 
a 


a a 
a a 
a a 


8 

a a 
a a 
a a 


8 
. 

a a 




aaaa 
aaaaa 
















xxxx1011 


a 

a 
a 


aa 

aa 
a 

■ 


a a 

a a 
aa 
a a 
a a 

■ ■ 


a 

Bl 


u 


"a 

8 

aa 
a a 
■ a 


~ It 
a 

■ 


aaaaa 

a a 
■ a 


■■■aa 
a a 
a a 
a 

a 

a 


a 
a 

aaaaa 
a 

a 


a a 
a a 
a a 
a a 


a a 

a 
a a 


aaaaa 
a 

aaaa 
■ ■ 






x x x x 1 1 00 


aa 
a 


a*' 
a 

a 


a 

s 

a 

a 


a a 
aaaaa 

a 


a 

s 

a 
a 


a 
a 

a 
a 


aaaaa 
a a 
a ■ 


aa 

aa a 
a 

a 


aaaaa 

a 
a 

a 


aaaaa 
a a 
a 

a 


aaa 
a 


aaaaa 
aaa 
aaaa. 

. . 








x x x x 1 101 


aaaaa 


aaaaa 
aaaaa 


s. .: 

aaa 
aaa 
a a 
a a 




■a - 


aa a 
aaa 

: ■ s 


a 

a 
a 

a 

s 


aaa 
a 


aaaaa 
a" a 


.% 

•a 
. 


aa 

8 

a 


a 

a - 
aaa 
a 

aaaa 


a 

aaaaa 
a 














x x x X1110 


aa 


■a" 
a 

a" 


!•.! 

a aa 

[_■ A- 


S 1 

a a 
a a 


a aa 
aa a 

a a 

La A_ 


a 

a 

aaaaa 
a 


aaaa 
a 

aaaa 


aaaaa 
a a 
a a 
a 


a 

aaaaa 


a 

a a 
a 


-■'aiT" 

n 

a a 




AA 


1 












X X x x 1 1 1 1 


a 

a - 

a" 


a a 
a" 

a 


.aa 
a a 
a a 
a a 

: : 




aaa 
a a 
a a 
a a 


a 

aaaaa 
a 

a 


aaa 
aaa 

a 


8 8 

a a 


aaaaa 
a 
a 

a a 
a 


aaa 
a a 
aaa 


— rri 

aaa 
a a 
a a 
a a 

•aa 










ftttt 
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Application (Character Mode, External CG, Character Font 8 X 8) 



HD6303 



A, 

i 

A15 

Do 

S 

D 7 
E 

R/W 



+ 5V- 
GND- 
-5V- 



Decoder 



HD61830B 



Open SYNC 



Vcc — 



External — • 
clock 



RS 

CS 

DB 

S 

DB 7 
E 

R/W 



RES 
CR 



WE 
MA 

S 

MAio 
OE 
CE 
MA n 
MA 12 
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MA 15 
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I 

MD 7 
RD 
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D, 
FLM 
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CL 2 
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WE OE 
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3 



I 



WE 


OE 
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D 7 
CS 



5 



Do 
D 7 



-A 3 
ROM 
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A 4 ~An 



OE — , 



-♦Open 



D, 




FLM 




MB 




CL! 




CL 2 


LCD Module 


D 2 


LM-200 


+ 5V 




GND 




-5V 




V 





Application (Graphic Mode) 



HD6303 
MPU 



DB 



DB7 



CS E 
RS R/W 

res rz 



OE 



CE 



MA - 
MA 15 

MD - 
MD 7 



RAM 
16K bits 
CMOS 



HD61830B 
Controller 



D 2 



CL 1f CL 2 



n MB, FLM 



WE 




HD61100A 



< - 



— HD61100A 



LCD 



HD61100A- 



HD61100A 



Power supply for 
liquid crystal 
display drive 
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Example of Configuration 
Graphic Mode 



MPU 




HD61830B 




Liquid crystal 






display module 




MDq-MD 


7 




MA C 


-MA 15 










RAM 









Character Mode (1) (Internal Character Generator) 



MD -MD 7 



MPU 




HD61830B 




Liquid crystal 






display module 



MAq-MAh 



RAM 



Character Mode (2) (External Character Generator) 



MPU 



HD61830B 



RD -RD 7 



MA 12 - 
MA15 
f 



ROM 



MD - 
MD 7 



Liquid crystal 
display module 



MAq-MAh 



RAM 



Parallel Operation 



(Master) 



MPU 









HD61830B(1) 



RAM 



^SYNC 



CS 



HD61830B(2) 



(Slave) 



RAM 



Liquid crystal 
display module 



(1) 



Liquid crystal 
display module 



(2) 



Driving both of two 
module by same 
common signal 
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HD63645F/HD64645F 

LCD Timing Controller (LCTC) 



Description 

The HD63645F/HD64645F LCTC is a control 
LSI for large size dot matrix liquid crystal 
displays. The LCTC is software compatible 
with the HD6845 CRTC, since its program- 
ming method of internal registers and mem- 
ory addresses is based on the CRTC. A display 
system can be easily converted from a CRT to 
an LCD. 

The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 

A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 



Pin Arrangement 



Or- C\| C*W lO 



mTOrg]|gi[gifg|fgif^|g]fii[3][^m^ 



MDO E 
MD1 U 
MD2 [7 
MD3 E 
MD4 [I 
MD5 E 
MD6 E 
MD7 E 
MD8 E 
MD9 D£ 
MD10DI 
MD11DI 
MD12Q3 
MD13GZ 
MD14QZ 
MD15E 

v cc i m 

LD3 D« 

LD2 DI 

LD1 d 

LDO E 

LU3 H 

LU2 [1 

LU1 -DE 



«]RAO 
URA1 
URA2 
H3RA3 
URA4 
10GND1 
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I]. AT 
3 LS 
UD/S 
ID WIDE 
ID ON/OFF 
UMODE 
IDBLE 
UDB 7 

«Jdb 6 

«lDB 5 
ZEJDB4 

3db 3 

«]DB2 
3DBi 

«]DB£ 

iE R/W (RD) 
ZD E (WR) 



o 

S o. 

—i 2£oow(o>oSdu oltc lo cc 

is for HD64645F 



Features 



• Software compatible with the HD6845 
CRTC 

• Programmable screen size: 
—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

• High-speed data transfer: 

—Up to 20 Mbits/s in character mode 
—Up to 40 Mbits/s in graphic mode 

• Selectable single or dual screen configu- 
ration 

• Programmable multiplexing duty ratio: 
static to 1/512 duty cycle 

• Programmable character font: 
—1-32 dots (height) 

—8 dots (width) 

• Versatile character attributes: reverse 
video, blinking, nondisplay (white) , 
nondisplay (black) 

• OR function: superimposing characters 
and graphics display 

• Cursor with programmable height, blink 
rate, display position, and on/off switch 

• Vertical smooth scrolling and horizontal 
scrolling by the character 



• Versatile display modes programmable 
by mode register or external pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 

• Refresh address output for dynamic RAM 

• 4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

• Recommended LCD driver: HD61104 
(column) and HD61105 (common), 
HD66204 (column) and HD66205 
(common), HD66106, HD66107T (com- 
mon/column) 

• CPU interface: 68 family (HD63645F) , 
80 family (HD64645F) 

© CMOS process 

• Single +5 V ±10% 

• 80-pin plastic QFP (FP-80) 



HITACHI 

466 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD63645F /HD64645F 



Ordering Information 



Type No. 


Bus Timing 


Bus Interface Package 




HD63645 


2 MHz 


68 System 80-pin Plastic QFP (FP-80) 


HD64645 


4 MHz 


80 System 80-pin Plastic QFP (FP-80) 


HD64646 


4 MHz 


80 System 80-pin Plastic QFP (FP-80B) 


Note: See HD64646 data sheet in this data book. 




Pin Description 

Symbol 


Pin Number 


Name 


I/O 


Vcc1 , Vcc2 


1 7, 32 


Vcc 




GND1 , GND2 


37, 59 


Ground 


— 


LU0-LU3 


22-25 


LCD Up Panel Data 0-3 





LD0-LD3 


18-21 


LCD Down Panel Data 0-3 





CL1 


28 


Clock One 





CL2 


29 


Clock Two 





FLM 


27 


First Line Marker 





M 


26 


M 





MAO-MA 1 5 


65-80 


Memory Address 0-15 





RA0-RA4 


60-64 


Raster Address 0-4 





MD0-MD7 


1-8 


Memory Data 0-7 


1 


MD8-MD15 


9-16 


Memory Data 8-15 


1 


DB0-DB7 


43-50 


Data Bus 0-7 


I/O 


CS 


39 


Chip Select 


1 


E 


41 


Enable (HD63645 Only) 


1 


R/W 


42 


Read/Write (HD63645 Only) 


1 


WR 


41 


Write (HD64645 Only) 


1 


RD 


42 


Read (HD64645 Only) 


1 


RS 


40 


Register Select 


1 


RlS 


38 


Reset 


1 


DCLK 


33 


D Clock 


1 


MCLK 


34 


M Clock 





DISPTMG 


35 


Display Timing 





CUDISP 


36 


Cursor Display 





SKO 


30 


Skew 




SK1 


31 


Skewl 




ON/OFF 


53 


On/Off 




BLE 


51 


Blink Enable 




AT 


57 


Attribute 




G/C 


58 


Graphic/Character 




WIDE 


54 


Wide 




LS 


56 


Large Screen 




D/S 


55 


Dual/Single 




MODE 


52 


Mode 
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Pin Functions 

Power Supply (Vccl, Vcc2, GND) 

Power Supply Pin (+5 V): Connect V cc l 
and V cc 2 with +5 V power supply circuit. 

Ground Pin (OV): Connect GND1 and 
GND2 with V. 

LCD Interface 

LCD Up Panel Data (LU0-LU3), LCD 
Down Panel Data (LD0-LD3): LU0-LU3 
and LD0-LD3 output LCD data as shown in 
table 1. 

Clock One (CL1): CL1 supplies timing clocks 
for display data latch. 

Clock Two (CL2): CL2 supplies timing clock 
for display data shift. 

First Line Marker (FLM): FLM supplies 
first line marker. 

M (M): M converts liquid crystal drive output 
to AC. 

Memory Interface 

Memory Address (MA0-MA15): MAO- 
MAI 5 supply the display memory address. 

Raster Address (RA0-RA4): RA0-RA4 
supply the raster address. 

Memory Data (MD0-MD7) : MD0-MD7 
receive the character dot data and bit- 
mapped data. 

Memory Data (MD8-MD15): MD8-MD15 
receive attribute code data and bit-mapped 
data. 

MPU Interface 

Data Bus (DB0-DB7) : DB0-DB7 send/ 
receive data as a three-state I/O common 
bus. 



Chip Select (CS): CS selects a chip. Low 
level enables MPU read/write of the LCTC 
internal registers. 

Enable (E): E receives an enable clock. 
(HD63645F only). 

Read/ Write (R/W): R/W enables MPU read 
of the LCTC internal registers when R/W is 
high, and MPU write when low (HD63634F 
only) . 

Write (WR): WR receives MPU write signal 
(HD64645F only). 

Read (RD): RD receives MPU read signal 
(HD64645F only). 

Register Select (RS): RS selects registers. 
(Refer to table 5.) 



Reset (RES): RES perfo rms external reset of 
the LCTC. Low level of RES stops and zero- 
clears the LCTC internal counter. No register 
contents are affected. 

Timing Signal 

D Clock (DCLK): DCLK inputs the system 
clock. 

M Clock (MCLK): MCLK indicates memory 
cycle; DCLK is divided by four. 

Display Timing (DISPTMG): DISPTMG 
high indicates that the LCTC is reading dis- 
play data. 

Cursor Display (CUDISP): CUDISP sup- 
plies cursor display timing; connect with 
MD12 in character mode. 

Skew (SKO)/Skew 1 (SKI): SKO and SKI 

control skew timing. Refer to table 2. 

Mode Select 

The mode select pins ON/OFF, BLE, AT, G/C, 



Table 1 LCD Up Panel Data and LCD Down Panel Data 

Single Screen 

Pin name 4- Bit Data 8- Bit Data Dual Screen 

LU0-LU3 Data output Data output Data output for upper screen 

LD0-LD3 Disconnected Data output Data output for lower screen 
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and WIDE are ORed with the mode register 
(R22) to determine the mode. 



On/Off (ON/OFF): ON/OFF switches dis- 
play on and off (High = display on) . 

Blink Enable (BLE): BLE high level enables 
attribute code "blinking" (MD13) and pro- 
vides normal/blank blinking of specified 
characters for 32 frames each. 

Attribute (AT): AT controls character 
attribute functions. 

Graphic/Character (G/C): G/C switches 
between graphic and character display mode 
(graphic display when high) . 

Wide (WIDE): WIDE switches between 



normal and wide display mode (high = wide 
display, low = normal display) . 

Large Screen (LS): LS controls a large 
screen. LS high provides a data transfer rate 
of 40 Mbits/s for a graphic display. Also used 
to specify 8-bit LCD interface mode. For more 
details, refer to table 10. 

Dual/Single (D/S): D/S switches between 
single and dual screen display (dual screen 
display when high) . 

Mode (MODE): MODE controls easy mode. 
MODE high sets duty ratio, maximum num- 
ber of rasters, cursor start/end rasters, etc. 
(Refer to table 9.) 



Table 2 Skew Signals 



SKO 


SKI 


Skew Function 








No skew 


1 





1 -character time skew 





1 


2-character time skew 


1 


1 


Prohibited combination 
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Function Overview 

LCD and CRT Display Systems 

Figure 1 shows a system using both LCD and 
CRT displays. 



Main Features of HD63645F/HD64645F 

Main features of the LCTC are: 

• High-resolution liquid crystal display 
screen control (up to 720 x 512 dots) 

• Software compatible with HD6845 
(CRTC) 

• Built-in character attribute control circuit 
Table 3 shows how the LCTC can be used. 



Table 3 Functions, Application, and Configuration 
Classification Item Description 

Functions Screen Format • Programmable horizontal scanning cycle by the character clock 

period 

e Programmable multiplexing duty ratio from static up to 1/512 

• Programmable number of vertical displayed characters per character 
row 

• Programmable number of rasters per character row (number of 
vertical dots within a character row + space between character 
rows) 

Cursor Control • Programmable cursor display position, corresponding to RAM 

address 

• Programmable cursor height by setting display start/end rasters 

• Programmable blink rate, 1/32 or 1/64 frame rate 

Memory Rewriting •Time for rewriting memory set either by specifying number of 
horizontal total characters or by cycle steal utilizing MCLK 

Memory Addressing • 1 6-bit memory address output, up to 64 kbytes x 2 memory acces- 
sible 

• DRAM refresh address output 
Paging and Scrolling • Paging by updating start address 

• Horizontal scrolling by the character, by setting horizontal virtual 
screen width 

• Vertical smooth scrolling by updating display start raster 

Character Attributes •Reverse video, blinking, nondisplay (white or black), display ON/ 

OFF 

Application CRTC Compatible • Facilitates system replacement of CRT display with LCD 

OR Function •Enables superimposing display of character screen and graphic 

screen 

Configuration LCTC Configuration • Single 5 V power supply 

• I/O TTL compatible except RES, MODE, SKO, SK1 

• Bus connectable with HMCS 6800 family (HD63645) 

• Bus connectable with 80 family (HD64645) 

• CMOS process 

• Internal logic fully static 

• 80-pin flat plastic package 
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Internal Block Diagram 



(WR) (RD) 
E R/W 

rs cs DBq— DB 7 



MAo~ MA 15 < 

RA — RA 4 < 

LU -LU 2 < 
LD0-LD2 < 



MD — MD 15 




CUDISP SKO SK1 

( ) is for HD64645 (80 types bus interface) 



Figure 2 LCTC Block Diagram 
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System Block Configuration 
Examples 

Figure 3 is a block diagram of a character/ 
graphic display system. Figure 5 shows two 
examples using LCD drivers. 



MPU Bus 



"D 

3 



HD63645/HD64645 



p5 Dec. 



DB0-DB7 

3CS, RS 
MA0-MA15 



3L 



Multiplexer 



^4 



AD 

A-RAM 
D 



7T 



AD| 

V-RAM 
D 




CGROM 



Char. /Graph.— » 



(WRHRD) 
E. R/W 



DCLK 



MCLK 
DISPTMG 



CUDISP 



G/C 
AT 
LS 
D/S 
WIDE 
MODE 
ON/OFF 
BLE 



SKOh 
SK1 



RES 



MD8-MD15 v cc 
GND 



MDO- 
MD7 



LUO-3 
LD0-LD3 
CL2 
CL1 
M 

RA0-MD4 FLM 



CPG 



Mode select 



- Display On/off 

- Blink enable 



+ 5V 



LCD 
Module 



Figure 3 Character/Graphic Display System Example 
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Interface to MPU 





P10— P17 




SC2(R/W) 


HD6301 




MPU 






E 




P30— P37 




RES 



Decoder 



< CS 



RESET - 



RS 



R/W 



£> DB0-DB7 



€ RES 



Note: HD6301 is set in mode 5. P10— P17 are used as output ports, and 
P30— P37 as data buses. SC2 outputs R/W here. 

Interface between HD6301 and HD63645F 





A0-A15 




iOE 




RD 


HD64180 




MPU 1 






WR 




D0-D7 




RES 



Decoder 



RESET - 



RS 



CS 



RD 



WR 



C> DB0-DB7 



C RES 



Note: In 80 family MPUs, I/O space is separate from memory space in 
software. Thus the LCTC, a part of I/O, needs the ORed signals 
of the interface signals and IOE. So IOE and RD, and IOE and 
WR should be ORed to satisfy t AS , the timing of CS, RD, and 
WR. 

Interface between HD641 80 and HD64645F 



HD63645F 
LCTC 



HD64645F 
LCTC 



Figure 4 Interface to MPU 
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i r 



HD61105 

(1) 



tea 



HD61105 

(5) 



mi 



E HD61104 




E HD61104 

(2) 




E HD61104 

(8) 


(1) 







LCD panel 400 x 640 dots 



1/200 duty ratio 



HD61104 

(9) 




HD61104 

(10) 




HD61104 
(16) 














lj: 



„80 



HD61104 




HD61104 




HD61104 


E (1) 




E (2) 




E (8) 



80 



LCD panel 200 x 640 dots 
1/200 duty ratio 



Figure 5 LCD Driver Examples 
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Registers 

raDie % snows tne register mapping. Table 5 differences between CRTC and LCTC regis- 
describes their function. Table 6 shows the ters. 



Table 4 Registers Mapping 



CS RS 43210 



Reg. 
no. 



Data Bit 



Program Unit Symbol R/W 7 



6 5 4 3 2 1 

— - 



, 



T 



1 








Invalid 














AR 


Address Register 









1 


00000 


R0 


Horizontal Total Characters 


Character 3 


Nht 





1 


00001 


R1 


Horizontal Displayed Char.s 


Character 


Nhd 





1 


01001 


R9 


Maximum Raster Address 


Raster 


Nr 





1 


01010 


R10 


Cursor Start Raster 


Raster 4 


Ncs 





1 


0101 1 


R11 


Cursor End Raster 


Raster 


Nee 





1 


01 100 


R12 


Start Address (H) 


Memory Address 







1 


01 101 


R13 


Start Address (L) 


Memory Address 







1 


01110 


R14 


Cursor Address (H) 


Memory Address 







1 


01111 


R15 


Cursor Address (L) 


Memory Address 







1 


10010 


R18 


Horizontal Virtual Screen WidthCharacter 


Nir 





1 


1001 1 


R19 


Multiplexing Duty Ratio (H) 


Raster 3 


Ndh 





1 


10100 


R20 


Multiplexing Duty Ratio (L) 


Raster 3 


Ndl 





1 


10101 


R21 


Display Start Raster 


Raster 


Nsr 





1 


10110 


R22 


Mode Register 


-Note 5 





w 
w 
w 
w 
w 
w 

R/W 

R/W 

R/W 

R/W 

W 

W 

W 

W 

W 



TO 







ON/ 
OFF 



G/C 



WIDE 



MM 



BLE 



AT 



Notes: 



3. 



Invalid data bits 

R/W indicates whether write access or read access is enabled to/from each register. 

W: Only write accessible 

R/W: Both read and write accessible 
The "value to be specified minus 1" should be programmed in these registers: RO, R1 and 
R20. 

Data bits 5 and 6 of cursor start register control the cursor status as shown below. 
(For more details, refer to page 27) . 



B 


P 


Cursor Blink Mode 


O 





Cursor on; without blinking 





1 


Cursor off 


1 





Blinking once every 32 frames 


1 


1 


Blinking once every 64 frames 



5. 
6. 



The OR of mode pin status and mode register data determines the mode. 

Registers R2-R8, R16, and R17 are not assigned for the LCTC. Programming to these 

registers will be ignored. 
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Table 5 Internal Register Description 
Reg. 



No. 


Register Name 


Size(Bits) 


Description 


AR 


Address Register 


5 


Specifies the internal control registers (RO, R1, 
R9-R1 5, R18-R22) address to be accessed 


RO 


Horizontal Total Characters 


8 


Specifies the horizontal scanning period 


R1 


Horizontal Displayed Characters 


8 


Specifies the number of displayed characters per 
character row 


R9 


Maximum Raster Address 


5 


Specifies the number of rasters per character row, 
including the space between character rows 


R10 


Cursor Start Raster 


5 + 2 


Specifies the cursor start raster address and its 
blink mode 


R11 


Cursor End Raster 


5 


Specifies the cursor end raster address 


R12 
R13 


Start Address (H) 
Start Address (L) 


16 


Specify the display start address 


R14 
R15 


Cursor Address (H) 
Cursor Address (L) 


16 


Specify the cursor display address 


R18 


Horizontal Virtual Screen Width 


8 


Specifies the length of one row in memory space 
for horizontal scrolling 


R19 
R20 


Multiplexing Duty Ratio (H) 
Multiplexing Duty Ratio (L) 


9 


Specify the number of rasters for one screen 


R21 


Display Start Raster 


5 


Specifies the display start raster within a character 
row for smooth scrolling 


R22 


Mode Register 


5 


Controls the display mode 



Note: For more details of registers, refer to "Internal Registers". 
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Table 6 Internal Register Comparison between LCTC and CRTC 



nay. 



No. 


LCTC HD63645/HD64645 


Comparison 


CRTC HD6845 


AR 


Address Register 


Equivalent to CRTC 


Address Register 


RO 


Horizontal Total Characters 




Horizontal Total Characters 


R1 


Horizontal Displayed Characters 




Horizontal Displayed Characters 


R2 




Particular to CRTC ; 


Horizontal Sync Position 


R3 




unnecessary for LCTC 


Sync Width 


R4 






Vertical Total Characters 


R5 






Vertical Total Adjust 


R6 






Vertical Displayed Characters 


R7 






Vertical Sync Position 


R8 






Interlace and Skew 


R9 


Maximum Raster Address 


Equivalent to CRTC 


Maximum Raster Address 


R10 


Cursor Start Raster 




Cursor Start Raster 


R1 1 


Cursor End Raster 




Cursor End Raster 


R12 


Start Address (H) 




Start Address (H) 


R13 


Start Address (L) 




Start Address (L) 


R14 


Cursor Address (H) 




Cursor (H) 


R15 


Cursor Address (L) 




Cursor (L) 


R16 




Particular to CRTC ; 


Light Pen (H) 


R17 




unnecessary for LCTC 


Light Pen (L) 


R18 


Horizontal Virtual Screen Width 


Additional registers for LCTC 




R19 


Multiplexing Duty Ratio (H) 






R20 


Multiplexing Duty Ratio (L) 






R21 


Display Start Raster 






R22 


Mode Register 
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Functional Description 
Programmable Screen Format 

Figure 6 illustrates the relation between LCD 



display screen and registers. Figure 7 shows a 
timing chart of signals output from the LCTC 
in mode 5 as an example. 
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MCLK "UUUUUUI_JUUUUUUUUUUUUUUUUUU 

r 



DISPTMG 



CUDISP 



JL 



(ssy jyuuuuL__fuuui ruuu 

:::E0SB0BB0Q000QOBBaOOO[ 



MA0-MA15 



RA0-RA4 




FLM 



CL1 



CL2 



LUO 



MCLKx 16 

"~L 



I 



MCLK x 1 6 




Mfflm""ixi(i m i n 

m wwmm""im m, n 

mmmim"-im m n 

» myYyYmnr----im m n 

-» mymYmifir""i(YmY v » 



Figure? LCTC Timing Chart (In Mode 5: Single Screen, 4-Bit Transfer, Normal 
Character Display) 
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Cursor Control 

The following cursor functions (figure 8) can 
be controlled by prograrrmiing specific regis- 
ters. 

Cursor display position 



• Cursor height 

• Cursor blink mode 

A cursor can be displayed only in character 
mode. Also, CUDISP pin must be connected to 
MD12 pin to display a cursor. 
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Character Mode and Graphic Mode 

Th« T.CWC*. fiimnnrtc twr» t\rr%e*si r»f Hicr-klaxr 

modes; character mode and graphic mode. 
Graphic mode 2 is provided to utilize soft- 
ware for a system using the CRTC (HD6845) . 

The display mode is controlled by an OR 
between the mode select pins (D/S, G/C, LS, 
WIDE, AT) and mode register (R22). 

Character Mode: Character mode displays 
characters by using CG-ROM. The display 
data supplied from memory is accessed in 8- 
bit units. A variety of character attribute 
functions are provided, such as reverse video, 
blinking, nondisplay (white or black) ,by stor- 
ing the attribute data in attribute RAM (A- 
RAM). 

Figure 9 illustrates the relation between 
character display screen and memory con- 
tents. 



Graphic Mode 1: Graphic mode 1 directly 
displays data stored in a graphic memory 

ory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. Figure 10 illustrates the relation 
between graphic display screen and memory 
contents. 

Graphic Mode 2: Graphic mode 2 utilizes 
software for a system using the CRTC 
(HD6845). The display data supplied from 
memory is accessed in 16-bit units. Character 
attribute functions or wide mode are not 
provided. The same memory addresses are 
output repeatedly the number of times spec- 
ified by maximum raster register (R9). The 
raster address is output in the same way as in 
character mode. 




HITACHI 

482 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 



HD63645F/HD64645F 



Horizontal Virtual Screen Width 

Horizontal virtual screen width can be speci- 
fied by the character in addition to the num- 
ber of horizontal displayed characters (figure 
11). 

The display screen can be scrolled in any 



direction by the character, by setting the 
horizontal virtual screen width and updating 
the start address. This function is enabled by 
programming the horizontal virtual screen 
width register (R18) . 

Figure 12 shows an example. 




Display Screen 



Figure 10 Relation between Graphic Screen and Memory Contents 







Horizontal 
^_ displayed ^ 
characters (R1 ) 

« Horizontal virtua 


1 screen width (R 18) » 



Figure 11 Horizontal Virtual Screen Width 
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R1 



Start Address 




12 13 



'mm 



Performing horizontal 
scroll by updating 



0to4 




Example: 

R1 8 (Horizontal Virtual Screen Width) = 10 
R 1 (Horizontal Displayed Characters) = 5 



Displayed Area 








Figure 12 



of Horizontal Scroll by Setting Horizontal Virtual Screen Width 
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Smooth Scroll 

Vertical smooth scrolling (figure 13) is per- 
formed by updating the display start raster, 
as specified by the start raster register (R21) . 
This function is offered only in character 
mode. 



Wide Display 

The character to be displayed can be doubled 
in width, by supplying the same data twice 
(figure 14). This function is offered only in 
character mode, and controlled either by bit 2 
of the mode register (R22) or by the WIDE 
pin. 



Raster 
Address 




Display start raster address 
(R21) = (R21) = 1 (R21)=2 



Figure 13 Example of Smooth Scroll by Setting Display Start Raster Address 




1234 5 678 112233445 5 667788 



WIDE = Low WIDE = High 



Figure 14 Example of Wide Display 
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Attribute Functions 

/i variety 01 cnaracter aurioute functions 
such as reverse video, blinking, nondisplay 
(white) or nondisplay (black) can be im- 
plemented by storing the attribute data in A- 
RAM (attribute RAM). Figure 15 shows a 
display example using each attribute func- 
tion. 



The attribute functions are offered only in 
character mode, and controlled either by bit 
01 tne moae register {tizzj or tne at pin. as 
shown in figure 15, a character attribute can 
be specified by placing the character code on 
MD0-MD7, and the attribute code on MD11- 
MD15. MD8-MD10 are invalid. 



1 . Black 



2. White 




fl 



5. Reverse Video 




3. Blinking 



Fl 



4. Cursor 



1=1 



Figure 15 Display Example Using Attribute Functions 



MD Input 


15 


14 


13 


12 


11 


10-8 


7-0 


Function 


Non- 
display 
(black) 


Non- 
display 
(white) 


Blinking 


Cursor 


Reverse 
video . 


* * * 


Character Code 



Figure 16 Attribute Code 
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OR Function —Superimposing Charac- 
ters and Graphics 

The OR function (figure 17) generates the OR 
of the data entered into MD0-MD7 (e.g. 
character data) and the data into MD8-MD15 
(e.g. graphic data) in the LCTC and transfers 



this data as 1 byte. 

This function is offered only in character 
mode, and controlled by bitO of the mode 
register (R22) or by the AT pin. Any attribute 
functions are disabled when using the OR 
function. 



Graphic data 
(Character data) 



Character data 
(Graphic data) 



I » I 1 

MD15 MD14 MD9 MD8 MD7 MD6 MD1 MDO 



=£>- l 
3>- 



, 8-bit 
data 



I 



Figure 17 _ OR Function 
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DRAM Refresh Address Output Function 

mi t r^rn/^t ^ _«a«j~^~.,«. t^m. nn At/r 

refresh while CL1 is high, as shown in figure 
18. The 16 refresh addresses per scanned line 
are output 16 times, from $00-$FF. 

Skew Function 

The LCTC can specify the skew (delay) for 
CUDISP, DISPTMG, CL2 outputs and MD 
inputs. 

If buffer memory and character generator 
ROM cannot be accessed within one hori- 



zontal character display period, the access is 
retarded to the next cycle by inserting a latch 

a^j-Ivamo /Mitwn* otis-I Vvuff^r mem- 
ory output. The skew function retards the 
CUDISP, DISPTMG, CL2 outputs, and MD 
inputs in the LCTC to match phase with the 
display data signal. 

By utilizing this function, a low-speed mem- 
ory can be used as a buffer RAM or a charac- 
ter generator ROM. 

This function is controlled by pins SKO and 
SKI as shown in table 7. 



Table 7 Skew Function 



SKO 


SKI 


Skew Function 








No skew 


1 





1 character time skew 





1 


2 character time skew 


1 


1 


Inhibited combination 



DISPTMG 



CL1 



MCLK 



MA0-MA7 



Display 
Memory • 
Address 



4 5 



10 



11 



12 



13 



14 15 16 



DRAM Refresh 
Address 



Display 
■ Memory 
Address 



Figure 18 DRAM Refresh Address Output 
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Easy Mode 

This mode utilizes software for systems using 
the CRTC (HD6845) . By setting MODE pin to 
high, the display mode and screen format are 
fixed as shown in table 8. With this mode, 
software for a CRT screen can be utilized in a 
system using the LCTC, without changing 
the BIOS. 



Automatic Correction of Down Panel 
Raster Address 

When the LCTC mode is set for character 
display and dual screen, memory addresses 
(MA) and raster addresses (RA) are output in 
such a way as to keep continuity of a display 
spread over the two panels. Therefore users 
can use the LCTC without considering the 
multiplexing duty ratio (the number of verti- 
cal dots of a screen) or the character font. 
(See figure 19.) 



Table 8 Fixed Values in Easy Mode 



Reg. No. 


Register Name 


Fixed Value (decimal) 


R9 


Maximum raster address 


7 


R10 


Cursor start raster 


6 


R11 


Cursor end raster 


7 


R18 


Horizontal virtual screen width 


Same value as (R1) 


R19 


Multiplexing duty ratio (H) 


99 (in dual screen mode) 


R20 


Multiplexing duty ratio (L) 


1 99 (in single screen mode) 


R21 


Display start raster 





R22 


Mode register 






Up panel 



ABC- 



Down panel 



Characters are continuous in spite of 
the break of a screen . 



Figure 19 Example of the Display in the Character Mode 
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System Configuration and Mode 
Setting 

LCD System Configuration Hardware Configuration and Mode Set- 

ting 

The screen configuration, single or dual, must / 

be specified when using the LCD system The LCTC supports the following hardware 
(figure 20). configurations: 



Using the single screen configuration, you 
can construct an LCD system with lower cost 
than a dual screen system, since the required 
number of column drivers is smaller and the 
manufacturing process for mounting them is 
simpler. However, there are some limitations, 
such as duty ratio, breakdown voltage of a 
driver, and display quality of the liquid crys- 
tal, in single screen configuration. Thus, a 
dual screen configuration may be more suit- 
able to an application. 

The LCTC also offers an 8-bit LCD data 
transfer function to support an LCD screen 
with a smaller interval of signal input termi- 
nals. For a general size LCD screen, such as 
640 X 200 single, or 640 x 400 dual, the usual 
4-bit LCD data transfer is satisfactory. 



• Single or dual screen configuration 

• 4-or 8-bit LCD data transfer 

and the following screen format: 

Character, graphic 1, or graphic 2 display 
Normal or wide display (only in character 
mode) 

OR or attribute display (only in character 
mode) 

Also, the LCTC supports up to 40 Mbits/s of 
large screeen mode (mode 13) for large 
screen display. This mode is provided only in 
graphic 1 mode. 

Table 9 shows the mode selection method 
according to hardware configuration and 
screen format. Table 10 shows how they are 
specified. 



m 

O 



4or8 



Data 



Coiumn Driver 



Single screen 



Data 



4 



Column Driver (Upper panel) | 













Drive 


1 
1 

1 _ 


LCD Upper Panel 


c 













Comr 


1 
1 

1 r 


LCD Lower Panel 













Data — 1» | Column Driver (Lower panel) 

Dual screen 



Figure 20 Hardware Configuration According to Screen Format 
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Table 9 Mode Selection 



Hardware Configuration 



Screen Format 



LCD Data 
Transfer 



Screen 
Configu- 
ration 



Screen 
Size 



Character/ 
Graphic 



Normal/ 
Wide 



Attribute/ 
OR 



Maximum 
data transfer 

J(Mbps) Mode No. 



4-bit 



Single 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



Dual 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



Large 



Graphic 1 



20 



10 



20 



20 



20 



10 



20 



20 



40 



13 



8-bit 



Single 



Normal 



Character Normal 



AT 
OR 



Wide 



AT 
OR 



Graphic 1 



Graphic 2 



20 



10 



20 



20 



10 



11 



12 



Note: Maximum data transfer speed indicates amount of the data read out of a memory. Thus, the 
data transfer speed sent to the LCD driver in wide function is 20 Mbps. 
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Mode List 

Table 10 Mode List 



Pin Name 



No. Mode Name 



D/S G/C LS WIDE AT Corrfg. 



Graphic/ 
Character 



Data 



Display Attribute 



1 Dual-screen 
character 



1 
1 1 



Dual 
screen 



Character 4-bit 
x 2 



Normal 



2 Dual-screen 
wide character 



1 10 
10 11 



Wide 



3 Dual-screen graphic 1 110 1 

4 Dual-screen graphic 2 110 



Graphic 



OR 



AT 



OR 



AT 



5 Single-screen 
character 




1 



Single 
screen 



Character 4-bit 



Normal 



6 Single-screen 
wide character 



1 
11 



Wide 



7 Single-screen 
graphic 1 



10 1 



Graphic 



Single-screen 
graphic 2 



10 



OR 



AT 



OR 



AT 



9 8-bit character 



10 
10 1 



Single 
screen 



Character 8-bit 



Normal 



1 8-bit wide 
character 



110 
111 



Wide 



1 1 8-bit graphic 1 



110 1 



Graphic 



1 2 8-bit graphic 2 



110 



1 3 Large screen 



1110 1 



Dual 
screen 



4-bit 
x 2 



OR 



AT 



OR 



AT 



The LCTC display mode is determined by pins D/S (pin 55) , G/C (pin 58) , LS (pin 56) , WIDE (pin 54) , 
and AT (pin 57) . As for G/C, WIDE, and AT, the OR is taken between data bits 0, 2, and 3 of the mode 
register (R22) . The display mode can be controlled by either one of the external pins or the data bits of 
R22. 

Note: The above 5 pins have 32 status combinations (high and low) . Any combinations other than the 
above are prohibited, because they may cause malfunctions. If you set an prohibited combina- 
tion, set the right combination again. 
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Internal Registers 

The HD63645F/HD64645F has one address 
register and fourteen data registers. In order 
to select one out of fourteen data registers, 
the address of the data register to be selected 
must be written into the address register. The 
MPU can transfer data to/from the data reg- 
ister corresponding to the written address. 

To be software compatible with the CRTC 
(HD6845), registers R2-R8, R16, and R17, 
which are not necessary for an LCD are 
defined as invalid for the LCTC. 

Address Register (AR) 

AR register (figure 21) specifies one out of 14 
data registers. Address data is written into 
the address register when RS is low. If no 
register corresponding to a specified address 
exists, the address data is invalid. 

Horizontal Total Characters Register 
(RO) 

RO register (figure 22) specifies a horizontal 
scanning period. The total number of hori- 
zontal characters less 1 must be programmed 
into this 8-bit register in character units. Nht 
indicates the horizontal scanning period in- 
cluding the period when the CPU occupies 
memory (total number of horizontal charac- 
ters minus the number of horizontal 
displayed characters). Its units are, then, 
converted from time into the number of 
characters. This value should be specified 
according to the specification of the LCD 
system to be used. 



Note the following restrictions 




Nhd + 1 ^ S Nht + 1 




Mode No. 


m 


5,9 


1 


1,6,7,8, 10, 11, 12, 13 


2 


2,3,4 


4 



Horizontal Displayed Characters Regis- 
ter (Rl) 

Rl register (figure 23) specifies the number of 
characters displayed per row. The horizontal 
character pitches are 8 bits for normal char- 
acter display and 16 dots for wide character 
display and graphic display. 

Nhd must be less than the total number of 
horizontal characters. 

Maximum Raster Address Register (R9) 

R9 register (figure 24) specifies the number 
of rasters per row in characters mode, consis- 
ting of 5 bits. The programmable range is (1 
raster /row) to 31 (32 rasters/row) . 

Cursor Start Raster Register (RIO) 

RIO register (figure 25) specifies the cursor 
start raster address and its blink mode. Refer 
to table 11. 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 







W 








Register address 



Figure 21 Address Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Character 


W 


Nht (Total characters - 1 ) 



Data Bit 


Program Unit R/W 


7 


6 


5 


4 


3 


2 


1 





Character W 


Nhd (Displayed characters) 



Figure 23 Horizontal Displayed 
Characters Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 








Nr 



Figure 22 Horizontal Total 

Characters Register 



Figure 24 Maximum Raster Address 
Register 
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< > [X] 

_J I 



32- or 64-frame 



Cursor End Raster Register (Rll) 

Rll register (figure 26) specifies the cursor 
end raster address. 

Start Address Register (H/L)(R12/R13) 

R12/R13 register (figure 27) specifies a buffer 
memory read start address. Updating this 
register facilitates paging and scrolling. R14/ 
R15 register can be read and written to/from 
theMPU. 

Cursor Address Register (H/L) (R14/R15) 

R14/R15 register (figure 28) specifies a cursor 
display address. Cusor display requires set- 
ting RIO and Rll, and CUDISP should be 
connected with MD12 (in character mode). 
This register can be read from and written to 
the MPU. 



Horizontal Virtual Screen Width Regis- 
ter (ma) 

R18 register (figure 29) specifies the memory 
width to determine the start address of the 
next row. By using this register, memory 
width can be specified larger than the num- 
ber of horizontal displayed characters. Up- 
dating the display start address facilitates 
scrolling in any direction within a memory 
space. 

The start address of the next row is that of 
the previous row plus Nir. If a larger memory 
width than display width is unnecessary, Nir 
should be set equal to the number of hori- 
zontal displayed characters. 

Multiplexing Duty Ratio Register (H/L) 
(R19/R20) 

R19/R20 register (figure 30) specifies the 
number of vertical dots of the display screen. 
The programmed value differs according to 
the LCD screen configuration. 

In single screen configuration : 

(Programmed value) = (Number of vertical 
dots)- 1. 



Table 11 
B P 



Cursor Blink Mode 
Cursor blink mode 



Cursor on; without blinking 

1 Cursor off 

1 Blinking once every 32 frames 
1 1 Blinking once every 64 frames 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 




B 


P 


Ncs (Raster address) 



Figure 25 Cursor Start Raster Register 



Data Bit 


Program Unit 


R/W 


7 6 5 4 3 2 1 


Memory 
address 


R/W 


Memory address (H) (R12) 


Memory address (L) (R13) 



Figure 27 Start Address Register 



Data Bit 



6 



Memory address (H) (R14) 



Memory address (L) (R15) 



Program Unit 



Memory 
address 



R/W 



R/W 



Data Bit 



Nee (Raster address) 



Program Unit 



Raster 



R/W 



W 



Figure 28 Cursor Address Register 



Figure 26 Cursor End Raster Register 
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In dual screen configuration : 

(Programmed value) = 

(Number of vertical dots) _ 
2 1 * 

Display Start Raster Register (R21) 

R21 register (figure 31) specifies the start 
raster of the character row displayed on the 
top of the screen. The programmed value 



should be equal or less than the maximum 
raster address. Updating this register allows 
smooth scrolling in character mode. 

Mode Register (R22) 

The Or of the data bits of R22 (figure 32) 
register and the external terminals of the 
same name determines a particular mode, 
(figure 33) 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Character 


W 


Nir (No. of chars, of virtual width) 



Figure 29 Horizontal Virtual Screen 
Width Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





Raster 


W 








Raster address 



Figure 31 Display Start Raster Regis- 
ter 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 





















(R19) 


Ndh* 


Raster 


W 


Ndl (Number of r 


asters 


-1) (R20) 







♦ : Number of rasters 



Figure 30 Multiplexing Duty Ratio 
Register 



Data Bit 


Program Unit 


R/W 


7 


6 


5 


4 


3 


2 


1 







W 








ON/OFF 


G/C 


WIDE 


BLE 


AT 



Figure 32 Mode Register 
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AT 

(data bit 0) 



BLE 

(data bit 1) 



WIDE 
(data bit 2) 



G/C 

(data bit 3) 



ON/OFF 
(data bit 4) 



Mode Register 
(R22) 



A 6 A A 



0N/5FF G/C 
(Pin 53) (Pin 58) 



WIDE BLE 
(Pin 54) (Pin 51) 



AT 
(Pin 57) 



Notes: 1. AT (valid only when G/C is low (character mode)) 

AT = High: Attribute functions enabled, OR function disabled. 
AT = Low : OR function enabled, attribute functions disabled. 

2. BLE (valid only when G/C is low (character mode)) 

BLE = High : Blinking enable on the character specified by attribute RAM 
BLE = Low : No blinking 

3. WIDE (valid only when G/C is low (character mode)) 
WIDE = High: Wide display enabled 

WIDE = Low: Normal display 

4. G/C 

G/C = High: Graphic 1 display (when AT = Low) or Graphic 2 display (when AT = High) 
G/C = Low : Character display 

5. ON/OFF 

ON/OFF = High : Display on state 
ON/OFF = Low : Display off state 



Figure 33 Correspondence between Mode Register and External Pins 
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Restrictions on Programming Internal 
Registers 

Note when programming that the values you 
can write into the internal registers are 
restricted as shown in Table 12. 



Table 12 Restrictions on Writing Values into the Internal Registers 

Function Restrictions Register 

Display Format 1 < Nhd < Nht + 1. £ 256 RO, R1 

Nhd + rn * 1 * Nht + 1 

(No. of vertical dots) x (no. of horizontal dots) x R1 , R1 9, R20 

(frame frequency ;fFRM) 3 (data transfer speed; V) 

{1} *2x(Nd + DxNhdx {^g} *3t F rm * V 



Nhd 5 Nir R1, R18 





Z Nd S 511 


R19, 


R20 


Cursor Control 


£ Ncs £ Nee 


R10, 


R11 




Nee £ Nr 


R10, 


R9 


Smooth Scroll 


Nsr 5 Nr 


R21, 


R9 


Memory Width Set 


£ Nir £255 


R18 





Notes' * 1 m varies according to the modes. See the following table. 



Mods No. m 


5,9 


1 


1,6,7,8,10,11,12,13 


2 


2,3,4 


4 



♦ 2 Set 1 when an LCD screen is a single screen, and set 2 when dual. Modes are classified as 
shown in the following table. 



Mods No. 


Value 


5,6,7,8,9,10,11,12 


1 


1,2,3,4,13 


2 



* 3 Set 8 when a character is constructed with 8 dots, and set 1 6 when with 1 6 dots. Modes 
are classified as shown in the following table. 



Mods No. 


Value 


1,5,9 


8 


2,3,4,6,7,8,10,11,12,13 


16 
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Reset 

RES pin determines the internal state of LSI 
counters and the like. This pin does not affect 
register contents nor does it basically control 
output terminals. 

Reset is defined as follows (Figure 34) : 

• At reset: the time when RES goes lo w 

• During reset: the period while RES 
remains low 

• Afte r reset: the period on and after the 
RES transition from low to high 

• Make sure to hold the reset signal low for 
at least 1 jus 

RES pin should be pulled high by users dur- 
ing operation. 

Reset State of Pins 

RES pin does not basically control output 
pins, and operates regardless of other input 
pins. 

1. Preserve states before reset: 

LU0-LU3, LD0-LD3, FLM, CL1, RA0-RA4 



2. Fixed at high level: 

MTfTSr 

3. Preserve states before reset or fixed at 
low level according to the timing when 
the reset signal is input: 

DISPTMG, CUDISP, MA0-MA15 

4. Fixed at high or low according to mode: 
CL2 

5. Unaffected: 
DBo-DB? 

Reset State of Registers 

RES pin does not affect register contents. 
Therefore, registers can be read or written 
even during a reset state; their contents will 
be preserved regardless of reset until they 
are rewritten to. 

Notes for HD63645F/HD64645F 

1. The HD63645/HD64645 are CMOS LSIs, 
and it should be noted that input pins 
must not be left disconnected, etc. 

2. At power-on, the state of internal regis- 
ters becomes undefined. The LSI opera- 
tion is undefined until all internal regis- 
ters have been programmed. 



RES 



0.8 V- 



\ \ 


^ V CC -0.5V 






During reset 


After reset 



At reset 



Figure 34 Reset Definition 
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Absolute Maximum Ratings 



Item 


Symbol 


Value 


Note 


Supply voltage 


V CC 


-0.3 to +7.0V 


2 


Terminal voltage 


V in 


-0.3 to V cc +0.3 V 


2 


Operating temperature 


Topr 


-20°C to +75°C 




Storage temperature 


T s tg 


-55°C to + 125°C 





Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 V ±10%, GND = V, Ta 
= -20°C to + 75°C) . If these conditions are exceeded, it could aff3Ct reliability of LSI. 
2. With respect to ground (GND = V) 



Electrical Characteristics 

DC Characteristics (Vcc = 5.0 V ±10%, GND = 0V, T a = -20C to +75C, unless 
otherwise noted) 



Test 



Item 




Symbol 


Min Typ 


Max 


Unit 


Condition 


input high voltage 


RES, MODE, 
SK1 


SK0,V| H 


Vcc-0.5 


Vcc + 0.3 


V 






DCLK, ON/OFF 




2.2 


Vcc+0.3 


V 






All others 




2.0 


Vcc+0.3 


V 




Input low voltage 


All others 


V, L 


-0.3 


0.8 


V 




Output high voltage 


TTL interface 1 


VOH 


2.4 




V 


Ioh=-400//A 




CMOS interface 1 




Vcc-0.8 




V 


bH=-400M 


Output low voltage 


TTL interface 


Vol 




0.4 


V 


loi_=1 .6mA 




CMOS interface 






0.8 


V 


bL=400^A 


Input leakage current 


All inputs except 
DB0-DB7 


Iil 


-2.5 


+2.5 






Three state (off-state) 
leakage current 


DB0-DB7 


Itsl 


-10 


+ 10 






Current dissipation 2 




Ice 




10 


mA 





Notes: 1. TTL Interface; MA0-MA1 5, RA0-RA4, DISPTMG, CUDISP, DB0-DB7, MCLK 
C-MOS Interface; LU0-LU3, LD0-LD3, CL1 , CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacitive loads of LU0-LU3 and LD0-LD3 exceed the rating, noise over 0;8 V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LU0-LU3 and 
LD0-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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ooiamuy; 

Symbol Min Typ Max Unit Figure 



Enable cycle time 


tCYCE 


500 




ns 


Enable pulse width (high) 


PwEH 


220 




ns 


Enable pulse width (low) 


P\A/CI 

• WcL 


220 




ns 


Enable rise time 


tEr 




25 


ns 


Enable fall time 


t£f 




25 


ns 


CS, RS, R/W setup time 


tAS 


70 




ns 


CS, RS, R/W hold time 


tAH 


10 




ns 


DB0-DB7 setup time 


tDS 


60 




ns 


DB0-DB7 hold time 


tDHW 


10 




ns 


DB0-DB7 output delay time 


tDDR 




150 


ns 


DB0-DB7 output hold time 


tDHR 


20 




ns 



AC Characteristics 
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CPU Interface (HD64645 80 family) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


RD high level width 


tWRDH 


190 






ns 


RD low level width 


tWRDL 


190 






ns 


WR high level width 


twWRH 


190 






ns 


WR low level width 


twWRL 


190 






ns 


CS, RS setup time 


tAS 









ns 


CS, RS hold time 


tAH 









ns 


DB0-DB7 setup time 


tDSW 


100 






ns 


DB0-DB7 hold time 


tDHW 









ns 


DB0-DB7 output delay time 


tDDR 






150 


ns 



DB0-DB7 output hold time t D HR 20 ns 




Figure 36 CPU Interface (HD64645) 
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HD63645F/HD64645F 

AC Characteristics (Cont) 

Item Symbol Min Typ Max Unit Figure 

DCLK cycle time tcycD 1 00 — — ns 37 

DCLK high level width t W DH 30 — — ns 

DCLK low level width tWDL 30 — — ns 

DCLK rise time tDr _ ~ 20 ns 

DCLK fall time tpf . — ~ 20 ns 

MCLK delay time toMD — — 60 ns 

MCLK rise time tMr — — 30 ns 

MCLK fall time t M f — — 30 ns 

MA0-MA1 5 delay time tMAO — — 1 50 ns 

MA0-MA1 5 hold time t M AH 10 — — ns 

RA0-RA4 delay time t RA D — — 1 50 ns 

RA0-RA4 hold time t RA H 1 — — ns 

DISPTMG delay time toTD — — 1 50 ns 

DISPTMG hold time t D TH 1 — — ns 

CUDISP delay time tcDD — — ' 1 50 ns 

CUDISP hold time tcDH 10 — — ns 

CL1 delay time tcuo ~ ~~ 150 ns 

CL1 hold time tcuH 10 — — ns 

CL1 rise time tctir ~~ ~ 50 ns 

CL1 fall time tcuf ~ "~ 50 ns 

MD0-MD1 5 setup time tMDS 30 — — ns 

MD0-MD15 hold time t M DH 15 — — ns 
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HD63645F/HD64645F 



DCLK 



2.2\ 
0.8\ 



MCLK 



MA0-MA15 



RA0-RA4 



DISPTMG 



CUDISP 



CL1 



MD0-MD15 
(input) 



ftJIAAAi 



2.4V 
0.4V 



tCYCD 
tof fr»twDH». 



h tWDL 
►"HtDMD 



t M f 



V 2.4V 

PrOAV 



tRAO 



V-2.4V 



tDTD 



1 



tCDD 



tCL1D 



tMAO 



•2.4V 
0.4V 



V2.4V 
/r0.4V 



-V CC ~0.8V 
0.8V 



-tCL1r 
tcLIf 



r 



T" 



tMDS 



1 



X 



2.0V 
0.8V 



r 



tRAH 



tDTH 



I 



tCDH 



tCLIH 



tMDH 



f 



Figure 37 Memory Interface 
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HD63645F/HD64645F 



AC Characteristics (Cont) 



JUVJLS Xlll»t?X 1CU#V 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Figure 


Display data setup time 


t|_DS 


50 






ns 


38 


Display data hold time 


tLDH 


100 


■ 





ns 




CL2 high level width 


tWCL2H 


100 


— 


— 


ns 




CL2 low level width 


twCL2L 


100 






ns 




FLM setup time 


tFS 


500 






ns 




FLM hold time 


tFH 


300 






ns 




CL1 rise time 


tCL1r 






50 


ns 




CL1 fall time 


tCLtf 






50 


ns 




CL2 rise time 


td2r 






50 


ns 




CL2 fall time 


tCL2f 






50 


ns 





Note: AtfCL2 = 3 MHz 



LU0—-LU3 
LD0-LD3 



CL2 



CL1 



FLM 



Y Vcc-O SV 
^ >0.8V 



. V CC -0.8V 
J-0.8V 



twCL2L 



tLDS 



twCL2H 



tLDH 



tCL2f 



tCL2r 



Jf 



tcUr 



1 



tFS 



V CC ~0.8V 
0.8V 



tFH 



tcuf 



V CC -0.8V 
0.8V 



Figure 38 LCD Interface 
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HD63645F/HD64645F 



AC Characteristics 
TTL Load 

Terminal R L R C Remarks 

DB0-DB7 2.4 kO 11kn 130pF tr, tf: Not specified 

MA0-MA1 5, RA0-RA4, DISPTMG, CUDISP 2.4 kQ 1 1 kQ 40 pF 

MCLK 2.4 kfl 1 1 kO 30 pF tr, tf: Specified 




All diodes: 1S2074® 



Capacitive Load 

Terminal C Remarks 

CL2 1 50 pF tr, tf : Specified 

CL1 200 pF 

LU0-LU3, LP0-LP3, M 150 pF tr, tf : Not specified 

FLM 50 pF 




Refer to user's manual (No. 68-1-160) and application note (No. ADE-502-003) for detail of this 
product. 
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H D 64646 FS 

LCD Timing Controller (LCTC) 



Description 

The HD64646F LCTC is a modified version of 
the HD64645F LCTC with different LCD 
interface timing. 

The HD64646F is a control LSI for large size 
dot matrix liquid crystal displays. The LCTC is 
software compatible with the HD6845 CRTC, 
since its programming method of internal 
registers and memory addresses is based on 
the CRTC. A display system can be easily 
converted from a CRT to an LCD. 

The LCTC offers a variety of functions and 
performance features such as vertical and 
horizontal scrolling, and various types of 
character attribute functions such as reverse 
video, blinking, nondisplay (white or black), 
and an OR function for simple superimposi- 
tion of character and graphic displays. The 
LCTC also provides DRAM refresh address 
output. 

A compact LCD system with a large screen 
can be configured by connecting the LCTC 
with the HD61104 (column driver) and the 
HD61105 (common driver) by utilizing 4-bit x 
2 data outputs. Power dissipation has been 
lowered by adopting the CMOS process. 



Features 

• Software compatible with the HD6845 
CRTC 

• Programmable screen size: 
—Up to 1024 dots (height) 
—Up to 4096 dots (width) 

• High-speed data transfer: 

—Up to 20 Mbits/s in character mode 
—Up to 40 Mbits/s in graphic mode 

• Selectable single or dual screen configu- 
ration 

• Programmable multiplexing duty ratio: 
static to 1/512 duty cycle 

• Programmable character font: 
—1-32 dots (height) 

—8 dots (width) 

• Versatile character attributes: reverse 
video, blinking, nondisplay (white), 
nondisplay (black) 

• OR function: superimposing characters 
and graphics display 

• Cursor with programmable height, blink 
rate, display position, and on/off switch 



Pin Arrangement 



• Vertical smooth scrolling and horizontal 
scrolling by the character 

• Versatile display modes programmable 
by mode register or external pins: display 
on/off, graphic or character, normal or 
wide, attributes, and blink enable 

• Refresh address output for dynamic RAM 

• 4- or 8-bit parallel data transfer between 
LCTC and LCD driver 

• Recommended LCD driver: HD61104 
(column) and HD61105 (common), 
HD66^04 (column) and HD66205 (com- 
mon), HD66106 (column/common) 

• CPU interface: 
80 family 

• CMOS process 

• Single +5 V ±10% 

• 80-pin plastic QFP (FP-80B) 



Ordering Information 




Type No. Bus Timing Bus Interface Package 


HD63645F 2 MHz 68 System 


FP-80 


HD64645F 4 MHz 80 System 


FP-80 


HD64646FS 4 MHz 80 System 


FP-80B 



/ 

MOO E 
MD1 E 
MD2 E 
MD3 E 
MD4 E 
MD5 E 
MD6 E 
MD7 E 
MD8 E 
MD9 D° 
MD10E 
MD110Z 
MD12QI 
MD13DI 
MD140Z 
MD15Q* 
V cc 1 e 
LD3 E 
LD2 D! 
LD1 [» 
LD0 E 
LU3 H 
LU2 Q3 
LU1 E 



_ O «- cm e> •<* in 

O »- CN CO «fr mCOf"* 00 0> T- «- <r- t- t-t- 

iUiiiiUiiiiiii 



B RAO 

URA1 

DRA2 

ERA3 

«DRA4 

UGND1 

3G/C 

Hat 
Uls 
I3D/3* 
13 WIDE 

Don/oTf 
Umode 

H) BLE 
HDB7 
«3DBe 
«3DB 5 
Z3DB4 

Bdb 3 
Udb 2 
3dbi 

«JDBo 

U^D 
IQwr 



l£Jl£Jiymi^lnjlEJlEJl«JliJl2JI=JlsJl5Jll] 



cm * ^ tr & <N 
Zj Su.u<jb«>q5qu o loc lo tr 
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HD64646FS 



Differences Between HD64645F 
and HD64646FS 

Figure 1 and figure 2 show the relation 
between display data transfer period, when 
display data shift clock CL2 changes, and 
display data latch clock CL1. Figure 1 shows 
the case without skew function and figure 2 
shows the case with skew function. 

In figure 1, high period between CL2 and CL1 
of HD64645F overlap. HD64646FS has no 



overlap like HD64645F, and except for this 
overlap. HD64646FS is the same as HD64645F 
functionally. 

Also for the skew function, phase relation 
between CL1 and CL2 changes. As figure 2 
shows, data transfer period and CL1 high 
period of HD64646FS never overlap with the 
skew function. 



MCLK 



DISPTMG 



CL1 

(HD64645) 



MCLK x 16 



CL1 

(HD64646) 



MCLK x 1 1 



CL2 

(fd2 = flVICLK) 



j~i_rL_n_n_ 



CL2 

(fcL2 = 2f M CLK) 



JliUUWUUl 



Notes: fiy/icix - Output frequency of MCLK 
fcL2 = Output frequency of CL2 



Figure 1 Differences between HD64645F and HD64646FS (no skew) 
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HD64646FS 



TJ^lj^Lj 3 u 4 u 5 u y U U^U^LJ^UnJ - 



DISPTMG 
CL1 

(HD64645F) _ 
CL1 

(HD64646FS)- 
CL2 

(fd2 ~ fMCLK) 

CL2 



MCLK x 16 



= 2f M c LK ) jiRjijijinjijiiui 



1 character skew 



MCLK 



DISPTMG 



CL1 

(HD64645F) 



J MCLK x 1 6 



CL1 

(HD64646FSL 



CL2 

(fCL2 



. w> _nj~LJi_j~i_n_rL 



CL2 

(fci 



« = 2Wu( ,jinjmjmrLrLfiruifi 



2 character skew 



MCLK x 1 1 



MCLK x 1 1 



Figure 2 Differences between HD64645F and HD64646FS (skew) 
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HD64646FS 



Absolute Maximum Ratings 



Item 


Symbol 


Value 


Note 


Supply voltage 


Vcc 


-0.3 to +7.0 V 


2 


Terminal voltage 


V in 


-0.3 to Vcc +0.3 V 


2 


Operating temperature 


Topr 


-20°C to +75°C 




Storage temperature 


T s tg 


-55°C to +125°C 





Notes: 1 . Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc = 5.0 V ±10%, GND = V, Ta 
= -20°C to + 75°C). If these conditions are exceeded, it could affect reliability of LSI. 
2. With respect to ground (GND = V) 



Electrical Characteristics 

DC Characteristics (Vcc = 5 V ±10%, GND = 0V, T. = -20C to +75C unless 
otherwise noted) 

Test 



Item 




Symbol 


Min 


Typ Max 


Unit 


Condition 


Input high voltage 


RES, MODE, SK0, 
SK1 


V IH 


Vcc-0.5 


Vcc+0.3 


V 






DCLK, ON/OFF 




2.2 


Vcc+0.3 


V 






All others 




2.0 


Vcc+0.3 


V 




Input low voltage 


All others 


V IL 


-0.3 


0.8 


V 




Output high voltage 


TTL Interface 1 


VOH 


2.4 




V 


Ioh= -400 yuA 




CMOS Interface 1 




Vcc-0.8 




V 


Ioh= -400 //A 


Output low voltage 


TTL Interface 


Vol 




0.4 


V 


Iol= 1 -6 mA 




CMOS Interface 






0.8 


V 


bL=400 //A 


Input leakage current 


All inputs except 
DB0-DB7 


I.l 


-2.5 


+2.5 


*A 




Three state (off-state) 
leakage current 


DB0-DB7 


Itsl 


-10 


+ 10 






Current dissipation 2 




Ice 




10 


mA 





Notes: 1. TTL Interface: MA0-MA1 5, RA0-RA4, DISPTMG, CUDISP, DB0-DB7, MCLK 
CMOS Interface: LU0-LU3, LD0-LD3, CL1 , CL2, M, FLM 

2. Input/output current is excluded. When input is at the intermediate level with CMOS, 
excessive current flows through the input circuit to power supply. Input level must be fixed 
at high or low to avoid this condition. 

3. If the capacitive loads of LU0-LU3 and LD0-LD3 exceed the rating, noise over 0.8 V may 
be produced on CUDISP, DISPTMG, MCLK, FLM and M. In case the loads of LU0-LU3 and 
LD0-LD3 are larger than the ratings, supply signals to the LCD module through buffers. 
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AC Characteristics 



Itom 


Symbol 


Min 


Typ 


Max 


Unit 


RD high level width 


twRDH 


190 






ns 


RD low level width 




190 






ns 


WR high level width 


tWWRH 


190 






ns 


WR low level width 


twWRL 


190 






ns 


CS, RS setup time 


tAS 









ns 


CS, RS hold time 


tAH 









ns 


DB0-DB7 setup time 


tDSW 


100 






ns 


DB0-DB7 hold time 


tDHW 









ns 


DB0-DB7 output delay time 


tDDR 






150 


ns 



DB0-DB7 output hold time tpHR 20 — — ns 




Figure 3 CPU Interface 
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AC Characteristics (Cont) 
Memory Interface 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


DCLK cycle time 


tCYCD 


100 






ns 


DCLK high level width 


tWDH 


30 






ns 


DCLK low level width 


tWDL 


30 






ns 


DCLK rise time 


tDr 






20 


ns 


DCLK fall time 


tDf 






20 


ns 


MCLK delay time 


tDMD 






60 


ns 


MCLK rise time 


tMr 






30 


ns 


MCLK fall time 


tMf 






30 


ns 


MAO-MAI 5 delay time 


tMAD 






1 50 


ns 


MAu-MAl o hold time 


tMAH 


10 






ns 


RA0-RA4 delay time 


tRAD 






1 50 


ns 


RA0-RA4 hold time 


tRAH 


1 






ns 


DibrTMCa delay time 


tDTD 






1 50 


ns 


DISPTMG hold time 


tDTH 


10 






ns 


Luuior aeiay xime 


tcDD 








ns 


CUDISP hold time 


tCDH 


10 






ns 


CL1 delay time 


ten d 






150 


ns 


CL1 hold time 


tCL1H 


10 






ns 


CL1 rise time 


tcur 






50 


ns 


CL1 fall time 


tCL1f 






50 


ns 


MD0-MD1 5 setup time 


tMDS 


30 






ns 


MD0-MD15 hold time 


tMDH 


15 






ns 
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AC Characteristics (Cont) 
LCD Interface 1 (at feu = 3 MHz) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


FLM stetup time 


tFs 








ns ■ 


FLM hold time 


tFH 


300 






ns 


M delay time 


tDM 






zOU 


ns 


ul i nign level wiatn 


tCL1H 


oUU 






ns 


Clock setup time 


tSd 


oOO 






ns 


uiocK nolo time 


tHCL 


1 00 






ns 


Phase difference 1 


tpD1 


1 00 






ns 


Phase difference 2 


tpD2 


500 






ns 


CL2 high level width 


tCL2H 


100 






ns 


CL2 low level width 


tcL2L 


100 






ns 


CL2 rise time 


tCL2r 






50 


ns 


CL2 fall time 


tcL2f 






50 


ns 


Display data setup time 


tLDS 


80 






ns 


Display data hold time 


tLDH 


100 






ns 


Display data delay time 


tLDD 






30 


ns 



LCD Interface 2 (at f C L2 = 5 MHz) 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


FLM setup time 


tFs 


500 






ns I 


FLM hold time 


t F H 


500 






ns 


M delay time 


tDM 






200 


ns 


CL1 high level width 


ten h 


300 






ns 


Clock setup time 


tSd 


500 






ns 


Clock hold time 


tHCL 


100 






ns 


Phase difference 1 


tpD1 


70 






ns 


Phase difference 2 


tpD2 


500 






ns 


CL2 high level width 


tCL2H 


50 






ns 


CL2 low level width 


tCL2L 


50 






ns 


CL2 rise time 


tCL2r 






50 


ns 


CL2 fall time 


tCL2f 






50 


ns 


Display data setup time 


tLDS 


30 






ns 


Display data hold time 


tLDH 


30 






ns 


Display data delay time 


tLDD 






30 


ns 
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HD64646FS 



FLM 



CL1 



-tps- 



/ 



V CC -0.8V\ 
0.8V-C 



V CC -0.8V 
8V 



CC-0.8V 
8V 



CL1 



CL2 



LU0-LU4 
LD0-LD4 



"\ / t LDS ^t 1 \ 



-tcLIH" 



jf 0.8V ^ 

tsCL~ 
-tpD2~ 



h tHCL H 



*CL2f . 



_*CL2r 



tcL2L 



*CL2H 



V CC -0.8V\/ V/" 
0-8 V A A. 



Figure 5 LCD Interface 
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AC Characteristics 
TTL Load 

Terminal R L R C Remarks 

DB0-DB7 2.4 kn 11kfl 130pF tr, tf: Not specified 

MA0-MA15, RA0-RA4, DISPTMG, CUDISP 2.4 kO 11kfl 40 pF 

MCLK 2.4 kO 11 kO 30 pF tr, tf: Specified 




Capacitive Load 



Remarks 



CL2 



150 pF 



tr, tf: Specified 



CL1 



200 pF 



LU0-LU3, LP0-LP3, M 
FLM 



150pF 
50 pF 



tr, tf : Not specified 
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HD66106F 

(LCD Driver for High Voltage) 



Description 



Pin Arrangement 



The HD66106F LCD driver has a high duty ratio 
and many outputs for driving a large capacity dot 
matrix LCD panel. 

It includes 80 LCD drive circuits and can drive at up 
to 1/480 duty cycle. For example, only 14 drivers 
are enough to drive an LCD panel of 640 x 480 dots. 
It also easily interfaces with various LCD control- 
lers because of its internal automatic chip enable 
signal generator. 

Using this LSI sharply lowers the cost of an LCD 
system. 



Features 

• Column and row driver 

• 80 LCD drive circuits 

• Multiplexing duty ratios: 1/100 to 1/480 

• 4-bit parallel data transfer 

• Internal automatic chip enable signal generator 

• Internal standby function 

• Recommended LCD controller LSIs: 
HD63645F and HD64645F (LCTC) 

• Power supply : +5 V ± 10% for the internal logic, 
and 1 4 .0 V to 3 7 .0 V for LCD drive circuits 

• Operation frequency: 6.0 MHz (max.) 

• CMOS process 

• 100-pin flat plastic package (FP-100) 
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Pin Description 
Power supply 

Vcc> GND: V cc supplies power to the internal 
logic circuit. GND is the logic and drive ground. 

Vlcd : Vlcd supplies power to the LCD drive cir- 
cuit. 

Vi, V2, V3, and V4: V1-V4 supply power for driving 
LCD (figure 1). 



Control signals 

CL1: The LSI latches data at the negative edge of 
CL1 when the LSI is used as a column driver. Fix 
to GND when the LSI is used as a row driver. 

CL2: The LSI latches display data at the negative 
edge of CL2 when the LSI is used as a column 
driver, and shifts line select data at the negative 
edge when it is used as a row driver. 

M: M changes LCD drive outputs to AC. 

D -D 3 : D -D 3 input display data for the column 
driver (table 2). 



Table 1 Pin Function 



Symbol 


Pin No. 


Pin Name 


I/O 


v C c 


49 


v CC 




GND 


37 


Ground 




V L CD 


31,36 


Vlcd 




v t 


32 


LCD voltage 1 




v 2 


33 


V 2 LCD voltage 2 




v 3 


34 


V 3 LCD voltage 3 




v 4 


35 


V 4 LCD voltage 4 




CL1 


38 


Clock 1 




CL2 


40 


Clock 2 




M 


42 


M 




D0-D3 


46-43 


Data to data 3 




SHL 


39 


Shift left 




I 


47 


Enable 




CAR 


48 


Carry 





CH1 


41 


Channel 1 


I 




30-1, 100-51 


Drive outputs 1-80 





NC 


50 


No connection 






V! , V 2 : Selected level 
V s , V 4 : Nonselected level 



Figure 1 Power Supply for Driving LCD 



Table 2 Relation between Display Data and 
LCD State 



--V4 


Display Data 


LCD Outputs 


LCD 


-v. 


1 (= high level) 


Selected level 


On 




(= low level) 


Nonselected level 


Off 
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SHL: SHL controls the shift direction of display 
data and line select data (figure 2, table 3). 

E: E inputs the enable signal when the LSI is used 
as a column_driver (CHI = V cc ). The LSI is_dis- 
abled when E is high and enabled when low. E in- 
puts scan data when the LSI is used as a row driver 
(CHI = GND). When H D6610 6Fs are connected in 
cascade, E connects with CAR of the preceding LSI. 



CAR: CAR outputs the enable signal when the 



LSI is used as a column driver (CHI = V cc ). CAR 
outputs scan data when the 1ST is usaH h« q r ™, 
driver (CHI = GND). When HD66106Fs are con- 
nected in cascade, CAR connects with E of the next 
LSI. 

CHI: CHI selects the driver function. The chip 
drives columns when CHI = V cc , and rows when 
CHI = GND. 

Y! -Y 8 o : Each Y outputs one of the four voltage 
levels-Vi , V 2 , V 3 , or V 4 — according to the com- 
bination of M and display data (figure 3). 

NC: NC is not used. Do not connect any wire. 



Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used as a Row Driver) 

SHL Shift Direction of Shift Register Scan Direction of Selected Line 

V C C ■ E - 1 -2 -3 .— ~*80 Y, -Y 2 - Y 3 -> Y 80 

GND T -80 - 79 -78 -* 1 Y 80 - Y 79 - Y 78 - Y x 



m f m <c n oo o> o 



^^^^ >.>.>.>.>.>.>.>. 



SSSBS 



|s|s|5|g|a^|c|s 



8SSS8SSB 



1st data 2nd data 



DO 




Dl 




D2 




D3 





DO 




Dl 




D2 




D3 





When SHL = GND 



When SHL = V cc 



Figure 2 Relation between SHL and Data Output (When LSI is Used as a Column Driver) 



M ' 

.-J 

Y output level L 



r 



When Used as a Column Driver 



.J" 



J" 



Y output level 1 . v » . 1. v ' V| J. v < J 



When Used as a Row Driver 



Figure 3 Selection of LCD Drive Output Level 
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Internal Block Diagram 
LCD Drive Circuits 

The HD66106F (figure 4) begins latching data when 
E goes low, which enables the data latching opera- 
tion. It latches 4 bits of data simultaneously at the 
fall of CL2 and stops automatically (= standby 
state) when it has latched 80 bits. 

Latch Circuit 2 

When the LSI is used as a column driver, latch 
circuit 2 functions as an 80-bit latch circuit. It 
latches the data sent from latch circuit 1 at the 
fall of CL1 and transfers its outputs to the LCD 
drive circuits. 

When the LSI is used as a row driver, this circuit 
functions as an 80-bit bidirectional shift register. 
The data sent from the E pin shifts at the fall of 
CL2. When SHL = V cc , the data shifts from bit 1 
to bit 80 in order of entry. When SHL = GND, the 
data shifts from bit 80 to bit 1. 



Latch Circuit 1 

Latch circuit 1 is composed of twenty 4-bit parallel 
data latches. It latches the display data D -D 3 at 
the fall of CL2 when the LSI is used as a column 
driver. The signals sent from the selector deter- 
mine which 4-bit latch should latch the data. 

Selector 

The selector is composed of a 5 -bit up and down 
counter and a decoder. When the LSI is used as a 
column driver, it generates the latch signal to be 
sent to latch circuit 1 , incrementing the counter at 
the negative edge of CL2. 

Controller 

The controller operates when the LSI is used as a 
column driver. It stops data latching when twenty 
pulses of CL2 have been input (= power-down 
function) and automatically generates the chip 
enable signal announcing the start of data latching 
into the next LSI. 



m - 
e - 

CHl- 
SHL- 
CL2- 



D - 
D 3 



V,V 2 V 3 V 4 Y1Y2Y3Y4 



Y?7Y7»Y79Ygo 




12 3 4 



LCD drive circuits 



Logic 



n 



Logic 



80-bit latch circuit and bidirectional 
shift register (Latch circuit 2) 



Logic 



i 



1 ) 2 j 3 ; 4 



Latch circuit 1 (4 -bit x 20) 



Logic 



Selector 



Controller 



-Vlcd 
-Vcc 
-GND 



Figure 4 Block Diagram 
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Data OUtnilts nhanafi at the* fall nf PT 1 T *tnh<*A 

data di is transferred to the output pin Y! and 
d 80 to Y 80 when SHL = GND. Conversely, d 80 is 
transferred to Yj and dj to Y 80 when SHL = V cc . 
The output level is selected out of Vj-V 4 accord- 
ing to the combination of display data and the 
alternating signal M (figure 5). 



n_ru 

1 2 3 19 20 

iTXjLX_:::::i_ij(_^jc 



CL1 

When SHL = GND 



Y80 




When SHL = Vcc 

Figure 5 Column Driver Timing Chart 
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Functional Description 

niivu v/3wva <u a v^viuillll JL/iIVCr 

The HD66106F begins latching data when E goes 
low, which enables the data latching operation. It 
latches 4 bits of data simultaneously at the fall of 
CL2 and stops automatically (= standby state) 
when it has latched 80 bits. 



CL2 



Do 
D, 
D 2 
D 3 
I 
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When Used as a Row Driver 

The HD66106F shifts the line scan data sent from In both cases, the data delayed f or 80 bits by the 
the pin E in order at the fall of CL2. When SHL = shift register is output from the CAR pin to be- 
Vcc, data is shifted from Yi to Yao and Yso to Yi come the line scan data for the next LSI (figure 6). 
when SHL = GND. 



When SHL « V cc 



12 3 4 



78 79 80 1 



(Next LSI). 



CL2 



ru~LrLrL-__.-^u _ tJ~iJ r i 



Yi 



Y 2 



CAR 



L 



When SHL - GND 



(Next LSI) 



12 3 4 



78 79 80 1 



CL2 



JiJ r iJiJi__-_..JTjnj~Ljri 



Yi 



CAR 



Figure 6 Row Driver Timing Chart 
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LCD Power Supply 

* - o- x- ~— rjcv 

voltage for driving LCD. V x and V 3 voltages 
should be near V LCD , and V 2 and V 4 should be 



near GND (figure 7). Each voltage must be within 
AV. AV determines the range within which Ron, 
impedance of driver s output, is stable. Note that 
AV depends on power supply voltage V LCD -GND 
(figure 8). 



AV 












AV 






1 



Figure 7 Driver's Output Waveform and Each Level of Voltage 



Range of power supply voltage 




14 37 
Vucd-GND (V) 



Figure 8 Power Supply Voltage Vlcd-GND and AV 



522 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66106F 



Application Example 
Application Diagram 

Figure 9 shows an example of an LCD panel 



of 640 x 400 dots driven by HD66106Fs. 



se«640 
se R 639 



LCD panel 
640 x 400 dots 
1/400 duty ratio 



seg2 
se«l 



§8 

E E 



' Y,-Y 8 „ 

SHL 

CHI 

- HD66106F 

GND lli CAR 
Vet Q 

Y><° „ . a 3 

>>>> OOSQ 



3 D.-D, 
M 

i CL2 
* HD66106F(13) CL1 

: v < 



no |U>>0 V 



Do-D 3 
M 
CL2 



x x j 5z,v 

C/)CJ |W>>oV, — 



15 

CL2 

HD66106F(6) CL1 



C_> |U> > O V| — 



Y,-Y 80 
HD66106F (2) 



Controller 



Contrast 




£ R. Ri R 2 R, R, 

f37V +5V • 

Notes: 1 . R, and R 2 depend on the LCD panel in use. When using an LCD panel with 1/20 bias, R, /(4R, + 
R 2 ) should be 1/20. For example, = 3kQ and R 2 = 48kQ. 
2. Use bypass capacitors to stabilize power supply when designing a board. It is desirable to use two 
capacitors with some 0.1 fiF per LSI, putting one between V L cd and GND, and the other be- 
tween V<x and GND. 



Figure 9 Application Example 
HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



523 




Do-Da 



xxxxxxxxxxxtyi 



CAR(LSI 6)_| Latches LSI 6 data [_ 



CAR(LSI 7)_T 
CAR(LSI8) f 



Latches LSI 7 data 



Latches LSI 8 data 



CAR(LSI 9) T 

CAR(LSI 10) _J~ 



Latches LSI 9 data [_ 



Latches LSI 10 data I 



CAR(LSI11)J 



Latches LSI 11 data [_ 



CAR(LSI 12) J 



Latches LSI 12 data 



CAR(LSI 13) J 



Latches LSI 13 data I 



HD66106F 




Figure 11 Timing Waveform for Row Drivers (LSI 1-LSI 5) 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Notes 


Supply L °9' c circuits 


v C c 


-0.3 to +7.0 


V 


1 


Voltage LCD drive circuits 


v LCD 


-0.3 to +38 


V 


1 


Input voltage (Logic) 


V T1 


-0.3 to V cc + 0.3 


V 


1,2 


Input voltage (LCD drive) 


V T2 


-0.3 to V LCD + 0.3 


V 


1,3 


Operation temperature 


Topr 


-20 to +75 


°c 




Storage temperature 


T stg 


-55 to +125 


°c 





Notes: 1 . Reference point is GND (= V). 

2. Applies to the input pins for logic circuits. 

3. Applies to the input pins for LCD drive circuits. 

4. Using an LSI beyond its maximum rating may result in its permanent destruction. LSIs should usually be used 
under electrical characteristics for normal operations. Exceeding any of these limits may adversely affect reli- 
ability. 
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Electrical Characteristics 



DC Characteristics (V C c = 5 V ± 10 %, Vlcd = 14 V to 37 V, Ta = -20°C to 75°C unless otherwise noted) 



Item Symbol 


Pin Min Typ 


Max 


Unit 


Test Condition 


Notes 


1 nput h igh vo Itage V ( H 


CL1 , CL2, M, SHL, 0.8 x Vcc - 


Vcc 


V 






Input low voltage V., 

Ue 


D -D 3 ,r, CH1 


0.2 x V cc 


V 






Output high voltage Vqh 


CAR V cc - 0.4- 




V 


'OH = "~0-4 mA 




Output low voltage Vql 




0.4 


V 


Iql = 0.4 mA 




Vl-Yj on resistance Rqn 


Yi-Ygo.Vi-VA - 


3.0 


kft 


l 0N = 100M 


4 


Input leakage current ( 1 ) 1 1 


CL1 , CL2, M, SHL, -5.0 
D -D 3 ,¥,CH1 


5.0 


MA 


V, N = V cc to GND 




Input leakage current (2) 1 1 L2 


V 1 -V 4 -50.0 


50.0 


ma 


V IN = V LCD to GND 




Current consumption (1) led 




3.0 


mA 


f CL2 = 6 MHz, 




(2) l LCD 1 




0.5 


mA 


f CL i = 28 kHz 


1 


(3) 1st 




0.2 


mA 


At the standby state 
f CL2 = 6 MHz, 
f CL1 = 28 kHz 


2 


(4) l CC 2 




0.2 


mA 


f CL1 = 28 kHz, 


1 


M 'LCD2 




0.1 


mA 


f m = 35 Hz 


3 



Notes: 1. Input and output current is excluded. When the input is at the intermediate level in CMOS, excessive current 

flows from the power supply through the input circuit. Vm and Vjl must be fixed at Vcc and GND respectively 
to avoid it. 

2. Applies when the LSI is used as a column driver. 

3. Applies when the LSI is used as a row driver. 

4. Indicates the resistance between Y pin and V pin (one of V-j, V2, V3, and V4) when it supplies load current to 
one of Y-|— Ygo pins. 

Conditions: V LCD - GND = 37 V 

V 1( V 3 = V LCD - 2/20 (V LCD - GND) 
V 2 , V 4 = GND + 2/20 (V LCD - GND) 




o Ypin (Yi-Yso) 
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AC Characteristics (V cc = 5 V ± 10 %, V LC d * 14 V to 37 V, Ta = -20°C to +75°C unless otherwise noted) 
Column Driver 



Item 


Symbol 


Pin 


Min 


Typ 


Max 


Unit Notes 


Clock cycle time 


t C yc 


CL2 


166 


- 


- 


ns 


Clock high level width 


tCWH 


CL2 


50 


- 


- 


ns 


Clock low level width 


tCWL 


CL2 


50 


_ 


_ 


ns 


Clock setup time 


tSCL 


CL2 


200 






ns 


Clock hold time 


*HCL 


CL2 


200 






ns 


Clock rise/fall time 




CL1,CL2 






30 


ns 


Data setup time 


*DSU 


D -D 3 


30 






ns 


Data hold time 


*DH 


D -D 3 


30 






ns 


E setup time 


tESU 


1" 


50 






ns 


Output delay time 


tDCAR 


CAR 






80 


ns 1 


M phase difference 


X CM 


M, CL1 






300 


ns 



Row Driver 



Item 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Notes 


Clock low level width 


tWL1 


CL2 


5 






MS 




Clock high level width 


*WH1 


CL2 


125 






ns 




Data setup time 


tps 


E 


100 






ns 




Data hold time 


*DH 


E 


30 






ns 




Data output delay time 


t DD 


CAR* 






3 


MS 


1 


Data output hold time 


tDHW 


CAR 


30 






ns 


1 


Clock rise/fall time 


*ct 


CL2 






30 


ns 




Note: 1 . Values when the following load circuit is connected: 



Test point O- 



30 pF 
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Column Driver 



CLl 



CL2 



D*-D 3 




Horizontal retrace period 




-* — tcM 



Figure 12 Controller Interface of Column Driver 
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H D661 07T 

(LCD Driver for High Voltage) 



Description 

The HD66107T is a multi-output, high duty 
ratio LCD driver used for large capacity dot 
matrix LCD panels. It consists of 160 LCD 
drive circuits with a display duty ratio up to 
1/480: the seven HD66107Ts can drive a 640 x 
480 dots LCD panel. Moreover, the LCD driver 
enables interfaces with various LCD control- 
lers due to a built-in automatic generator of 
chip enable signals. Use of the HD66107T can 
help reduce the cost of an LCD-panel config- 
uration, since it reduces the number of LCD 
drivers, compared with use of the HD61104 
and HD61105. 



• Internal standby mode 

• Recommended LCD controller LSIs: 

HD63645F, HD64645F, and HD64646FS 
(LCTC), HD66840/HD66841 (LVIC), 
HD66850 (CLINE) 

• Power supply voltage 
—internal logic: +5V + 10% 
—LCD drive circuit : 14.0 to 37.0 V 

• Operation frequency: 8.0 MHz (max.) 

• CMOS Process 

• 192-pin TCP (Tape Carrier Package) 



Features 

• Column and row driver 

• 160 LCD drive circuits 

• Multiplexing duty ratios; 1/100 to 1/480 

• 4-bit and 8-bit parallel data transfer 

• Internal automatic chip enable signal 
generator 



Pin Description 
Power Supply 

Vcc, GND: Vcc supplies power to the internal 
logic circuits. GND is the logic and drive 
ground. 

Vlcdi: Vlcd supplies power to the LCD drive 
circuit. 



Table 1 


Pin Function 






Symbol 


Pin No. 


Pin name 


Input/output 


Vcc 


167 


Vcc 




GND 


161, 186, 187 


Ground 




Vlcd 


166, 192 


Vlcd 




V1L, R 


191, 165 


V1L, V1R 




V2L, R 


188, 162 


V2L, V2R 




V3L, R 


190, 164 


V3L, V3R 




V4L, R 


189, 163 


V4L, V4R 




CL1 


183 


Clock 1 


Input 


CL2 


184 


Clock 2 


Input 


M 


182 


M 


Input 


D0-D7 


174-181 


DATA0-DATA7 


Input 


SHL 


172 


Shift left 


Input 


CH2 


171 


Channel 2 


Input 


BS 


173 


Bus Select 


Input 


TEST 


185 


TEST 


Input 


Y1-Y160 


1-160 


Y1-Y160 


Output 


SHL 


172 


Shift left 


Input 


E 


169 


Enable 


Input 


CAR 


168 


Carry 


Onput 


CH1 


170 


Channel 1 


Input 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 531 



HD66107T 



VlL, VlR, V 2L , V2R. V 3L , V 3 R, V 4L , V4RI Vi to V 4 

supply power for driving an LCD (ficrure 1). 
Control Signal 

CL1: The LSI latches data at the negative 
edge of CL1 when the LSI is used as a column 
driver. Fix to GND when the LSI is used as a 
row driver. 

CL2: The LSI latches display data at the 
negative edge of CL2 when the LSI is used as 
a column driver, and shifts line select data at 
the negative edge when it is used as a row 
driver. 

M: M changes LCD drive outputs to AC. 



D -D 7 : D0-D7 input display data for the col- 
umn Hriiror /taKlo 0\ 

i 

SHL: SHL controls the shift direction of dis- 
play data and line select data (figure 2, table 
3). 

E: E inputs the enable signal when the LSI is 
used as a column driver (CHI = Vcc)- 

The LSI is disabled when E is high and ena- 
bled when low. E inputs scan data when the 
LSI is used as a row driver (CHI = GND). 
When HD66107T S are connected in cascade, 
E connects with CAR of the preceding LSI. 



CAR: CAR outputs the enable signal when 
the LSI is used as a column driver (CHI = V 
cc). 



Table 2 Relation between Display data 
and LCD state 

Display Data LCD Output LCD 

1 ( = high level) V1L, R/V2L, R On 
( = low level) Nonselected level Off 



- V1 
-V3 
-V4 
-V2 



V1 , V2: selected level 
V3, V4: nonselected level 



Figure 1 Power Supply for Driving an LCD 



>>->>- 



CO 


CM 




O 


CO 


CM 




DO | 





O 


5 


O 


Q 


Q 


Q 



1 st data 2nd data 



2nd data 1st data 



DO 




D1 






02 






D3 







When SHL=GND 



DO 




D1 






D2 






D3 







When SHL=V CC 



Figure 2 Relation between SHL and Data Output 
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CAR outputs scan data when the LSI is used 
as a row driver (CH1 = GND). When 
HD66107Ts are_connected in cascade, CAR 
connects with E of the next LSI. 

CHI: CHI selects the driver function. The chip 
devices are columns when CHI = Vcc, and 
commons when CHI = GND. 

CH2: CH2 selects the number of output data 
bits. The number of output data bits is 160 
when CH2 = GND, and 80 when CH2 = Vcc- 



BS: BS selects the number of input data bits. 
When BS = Vcc, the chip latches 8-bits data. 
When BS = GND, the chip latches 4-bits data 
via Do to D3. Fix D 4 through D7 to GND. 

TEST: Used for testing. Fixed to GND, other 
wise. 

LCD Drive Interface 

Y1-Y160: Each Y outputs one of the four volt- 
age levels-Vi, V2, V3, V4-according to the 
combination of M and display data (figure 3). 



Table 3 Relation between SHL and Scan Direction of Selected Line (When LSI is Used 
as Common Driver) 

SHL Shift Direction of Shift Register Scan Direction of Selected Line 

V CC E- 1- 2- 3-* 4 -160 Y1- Y2- Y3- Y4 -Y160 

GND E- 160- 159- 158- 157 >1 Y160- Y159- Y158- Y157 »Y1 



M 1 



Y output level |- V1 »l- V3 » h v2 » I - V 4 ^ tevef^ I" mo m \ m x/a - ' H vi » 



When used as a column driver 



V2 ^V3 ~ 1 "VI" 1 ~ V4" 
When used as a common driver 



Figure 3 Selection of LCD Driver Output Level 
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V 4 L 



Yi Y 2 Y 3 Y 4 



Y158 Y 160 
Y157 Y 159 V!R 



V 4 R 
V 3 R 

V 2 R 



LCD drive circuit 



CH1- 
SHL- 
CL2- 

CL1- 

BS- 
D -D 7 I 



a 



Logic 



3f 



1 60-bit latch and bidirectional 
Latch circuit 2 shift register 



Logic 



1 !2|3|4 



Latch circuit 1 



(4-bit x 40) 
(8-bit x 20) 



l£> Logic 



IT 



Selector 



Test 



TEST- 



Controller 



i 
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Function 

LCD Drive Circuits 

The LCD drive circuits generate four levels of 
voltages- Vi, V2, V3, and V4-for driving an LCD. 
They select and transfer one of the four levels 
to the output circuit according to the combi- 
nation of M and the data in the latch circuit 2. 

Latch Circuit 2 

Latch circuit 2 is used as a 160-bit latch cir- 
cuit during column driving. Latch circuit 2 
latches data input from latch circuit 1 at the 
falling edge of CL1 and outputs latched data 
to the drive circuits. 

In the case of row driving, latch circuit 2 is 
used as a 160-bit bidirectional shift register. 
Data input from E is shifted at the falling 
edge of CL2. When SHL = Vcc, data is shifted 
in input order from bit 1 to bit 160 of the shift 
register. When SHL = GND, data is shifted 
from bit 160 to bit 1 of the reister. Moreover, 
this latch circuit can be used as an 80-bit shift 
register. In this case, Y41 through Y120 are 
enabled, while the other bits remain un- 
changed. 

Latch Circuit 1 

Latch circuit 1 consists of twenty 8-bit paral- 
lel data latch circuits. It latches data Do 
through D7 at the falling edge of CL2 during 



column driving. The selector signals specify 
which 8-bit circuit latches data. Moreover, 
this circuit can be used as forty 4-bit parallel 
data latch circuits by switching BS, in which 
case the circuit latches data Do through D3. 
Moreover, this latch circuit can be used as an 
80-bit shift register. In this case Y41 through 
Y120 are enabled, while the other bits remain 
unchanged. 

Selector 

The selector consists of a 6-bit up and down 
counter and a decoder. During column driv- 
ing it generates a latch signal for latch circuit 
1, incrementing the counter at the falling 
edge of CL2. 

Controller 

This controller is enabled during column 
driving. It provides a power-down function 
which detects completion of data latch and 
stops LSI operations. 

Moreover, the controller auto matica lly gen- 
erates a chip enable signal (CAR) which 
starts next-stage data latching. 

Test Circuit 

The test circuit divides the external clock and 
generates test signals. 
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HD66107T 



Fundamental Operations 
Column Driving (1) 

• CH2 = GND (160-bit data output mode) 

• BS = Vcc (8-bit data latch mode) 

The HD66107T starts data latch when E is at 
low level. In this case, 8-bit parallel data is 
latched at the falling edge of CL2. When 160- 
bit data latch is completed, the HD66107T 
auto matic ally stops and enters st andb y mode 
and CAR is goes to low level. If CAR is con- 



nected with E of the next-sta ge LS I, this next- 
stage LSI is activated when CAR of the pre- 
vious LSI goes low. 

Data is output at the falling edge of CL1. 
When SHL = GND, data di is output to pin Yl 
and dieo to Yieo- On the other hand, when SHL 
= Vcc, data di6o is output to pin Yl and dl to 
Yi6o- The output level is selected from among 
V1-V4 according to the combination of display 
data and alternating signal M. See figure 4. 
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HD66107T 



Column Driving (2) 

• CH2 = GND (160-bit data output mode) 

• BS = GND (4-bit data latch mode) 



4-bit display data (D0-D3) is latched at the 
falling edge of CL2. Other operations are 
performed in the same way as described in 
"Column Driving (1)". See figure 5. 



1 'K 

^ \ 

Do Y cL Y d 8 V 

J A 4 A 8 A 


n n n 

39 40 41 

V dl56 V d, eo Y 
A 0,56 A d,e ° A 


Ds_J * )( d 5 X 

CL1 ■ 

CAR — 


X di53 X d167 X 

n 

\ / 

\ / 


SHL = GND 






X d < 


Y16O 


X d,e ° 


SHL = V CC 




Yi 


X d '60 


J 

'160 





Figure 5 Column Driver Timing Chart (2) 
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HD66107T 



Column Driving (3) 

• CH2 = Vcc (80-bit data output mode) 

• BS = Vcc (8-bit data latch mode) 

When CH2 is high (Vcc), the HD66107T can be 
used as an 80-bit column driver. In this case, 
Y41 through Y120 are enabled, the states of 



Yi through Y 4 o and Y121 through Yieo remain 
uncnangea. 

When SHL = GND, data dl is output to pin 
Y41 and dso is output to Y120. Conversely, when 
SHL = Vcc, data dso is output to Y41 and di is 
output to Y120. See figure 6. 
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HD66107T 



Column Driving (4) 

• CH2 = Vcc (80-bit data output mode) 

• BS = GND (4-bit data latch mode) 



When CH2 = Vcc and BS = GND, 4-bit paral- 
lel data is latched, while 80-bit data is output. 
The output of latched data is performed in 
described in "Column Driving (3)". See figure 
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HD66107T 



Common Driving (1) 

• CH2 = GND (160-bit data output mode) 

The HD66107T shifts line scan data input 
through E at the falling edge of CL2. 



When SHL = V C c, 160-bit data is shifted from 

xr v 1 * "*« — 

*i w *■ iou> xiioioop vvucu uiiu — vjtxm ii.ci.tsCl !•» 

shifted from Yi6o to Yi. In both cases the 
HD66107T outputs the data delayed fo r 160 
bits by the shift register through CAR, 
becoming line scan data for the next IC 
driver. See figure 8. 



SHL=V CC 



CL2 




(next stage) 
158 159 160 1 



Yi 



CAR 



SHL=GND 



CL2 



Yl60 



Vis 



Yi 



CAR 



L 



(next stage) 
158 159 160 1 



L 



Figure 8 Common Driver Timing Chart (1) 
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HD66107T 



Common Driving (2) 

• CH2 = Vcc (80-bit data output mode) 

When CH2 is high, the HD66107T can be used 
as an 80-bit row driver. In this case, Y41 to 
Y120 are enabled, while the other bits remain 
unchanged. 



Line scan data input through E is shifted at 
the falling edge of CL2. When SHL = Vcc, 
data is shifted from Y41 to Y120. Conversely, 
when SHL = GND, data is shifted from Y120 to 
Y41. In both cases the HD66107T outputs the 
data del ayed for 80 bits by the shift register 
through CAR, becoming line scan data for the 
next LSI. See figure 9. 



SHL=V CC 



CL2 



■_r 



Y41 



CAR 



SHL=GND 



CL2 



Y120 



CAR 



(next stage) 




78 79 80 1 

runu~m 



L 



(next stage) 
78 79 80 1 



L 



Figure 9 Common Driver Timing Chart (2) 
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HD66107T 



LCD Power Supply 

This sention ftynlainc +V»<a cf pcv.'Cl 

supply voltage for driving LCD. Vi and V3 
voltages should be near Vldc, and V2 and V4 



should be near GND (figure 10). Each voltage 
must be within AV. AV determines the range 
.vithir* YvluvsL Honi impedance 01 drivers 
output, is stable. Note that AV depends on 
power supply voltage Vlcd-GND (figure 11). 



AV 














AV 


1 




.1 



Figure 10 Driver's Output Waveform and Each Level of Voltage 



Range of power supply voltage 




Figure 11 Power Supply Voltage Vlcd-GND and AV 
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3 I 

OS ™ 

-D «J 

2. 3 

-a Q 

i" I 




Notes 1 . R1 and R2 are specified depending on the type of LCD panel. When using an LCD panel with 1/20 bias, R1/(4R1 + R2) 

must be 1/20, i.e., R1 = 3kQ and R2 = 48kQ. 
Notes 2. When designing a board, place capacitors close to each LSI in order to stabilize power supply. It is recommended to use 

two 0.1 nF capacitors per LSI; one is connected between V C c and GND, and the other between V LC d and GND. 
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Figure 12 Application Example 




HD66107T 



Waveform Examples 




Figure 13 Column Driver Timing Chart (1) 
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HD66107T 



Common Driving 




Figure 14 Common Driver Timing Chart 
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HD66107T 



Absolute Maximum Rating 



Item 




Svmbol 


Ratina 


Unit 


Nate 


Power supply voltage 


Logic circuit 


Vcc 


-0.3-+7.0 


V 


1 




LCD drive circuit 


Vlcd 


-0.5- +38 


V 


1 


Input voltage (1) 




Vti 


-0.3-V cc +0.3 


V 


1, 2 


Input voltage (2) 




V T2 


-0.3-V LCD +0.3 


V 


1,3 


Operation temperature 




Topr 


-20- + 75 


'C 




Storage temperature 




Tstg 


-55- + 125 


°c 





Notes: 1 . Reference point is GND (= OV). 

2. Applies to input pins for logic circuit. 

3. Applies to input pins for LCD drive circuits. 

4. If the LSI is used beyond absolute maximum ratings, it may be permanently damaged. It 
should always be used within the above electrical characteristics to prevent malfunction or 
degradation of the LSI's reliability. 
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HD66107T 



Electrical Characteristics 



DC Characteristics (Vcc = 5 V ± 10%, Vlcd = 14 to 37 V, Ta = -20 to 75 C) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V IH 


CL1 , CL2, M 
SHL, BS, CH2, 


0.8 x Vcc 


Vcc 


V 






Input low voltage 


V|L 


TEST, D0-D7, 
E, CH1 





0.2 x Vcc V 






Output high voltage 


VOH 


CAR 


Vcc-0.4 




V 


Ioh= -0.4 mA 




Output low voltage 


Vol 




- 


0.4 


V 


101=0.4 mA 




Vi-Yj on resistance 


Ron 


Y1-Y160, 
V1-V4 




3.0 


kCl 


Ion = 150 ptA 




Input leak current (1 ) 


llL1 


CL1 , CL2, M 
SHL, BS, CH2, 
TEST, D0-D7, 
E, CH1 


-5.0 


5.0 


M 


V, N =Vcc-GND 




Input leak current (2) 


l|L2 


V I — V4- 


— I uu 


100 


/iA . 


Vin=Vlcd~GND 




Power dissipation ( 1 ) 


•cci 






5.0 


mA 


fcL2 = 8 MHz 


1 


Power dissipation (2) 


>LCD1 






2.0 


mA 


f CL i=28 kHz 


2 


Power dissipation (3) 


1st 






0.5 


mA 


In standby 
mode: 

f C L2=8 MHz, 
fcu=28 kHz 


1 
2 


Power dissipation (4) 


ICC2 






1.0 


mA 


f fC Li=28 kHz 


1 


Power dissipation (5) 


ILCD2 






0.5 


mA 


fm = 35 Hz 


3 



Notes: 1 . Input and output current is excluded. When an input is at the intermediate level is CMOS, 
excessive current flows from the power supply though the input circuit. To avoid it, Vih and 
Vil must be fixed to Vcc and GND respectively. 

2. Applies to column driving. 

3. Applies to row driving. 
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HD66107T 



AC Characteristics (Vcc 


= 5 V ± 10%, Vlcd = 14 to 37 V, Ta 




20 to 75°C) 


01 m- — _ «^ • 

Item 


Symbol 


Pin name 


Min. 


Max. 


Unit Note 


Clock cycle time 


tcyc 




10c 




ns 


Clock high-level width 


tcWH 


ULZ 


on 
oU 




ns 


Clock low-level width 


tCWL 


LLz 


oU 


_ 


ns 


Clock setup time 


tSCL 


ULZ 


zUU 





ns 


Clock hold time 


tHCL 


ULz 


ZUU 





ns 


Clock rising/falling time 


tct 


CL1 , CL2 




30 


ns 


Data setup time 


tDSU 


D -D 7 


30 




ns 


Data hold time 


tDH 


D0-D7 


30 




ns 


E setup time 


tESU 


I 


25 




ns 


Output delay time 


tDCAR 


CAR 




70 


ns 1 


M phase difference 


tCM 


M, CL1 




300 


ns 


Notes: 1 . Specified when connecting the load circuit shown in figure 1 5. 



Test point O 1 

ipo pF 

777 



Figure 15 Test Circuit 
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HD66107T 



"tWH1~ 



CL1 



CL2 



Do- 



-^l r* — tcwH— -—\ p — t C wL— *" 

tct t Ct 



-tDH- 



r IH 

v, L 



K 



CL1 



Horizontal 
"retrace period" 



/ M 

t S CL M "« t H CL — 



CAR 



"tDCAR-*" 



I 



■*-tESU 



-tCM 



Figure 16 Controller Interface of Column Driver 
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HD66107T 



Common Driving 



Item 


Symbol 


Pin name 


Min. 


Max 


Unit 




Clock low-level width 


tWL1 


CL2 


5 


— 






Clock high-level width 


tWH1 


CL2 


60 




ns 




Data setup time 


tDS 


E 


100 




ns 




Data hold time 


tDH 


E 


30 




ns 




Data output delay time 


tDD 


CAR 




3 


JUS 


1 


Data output hold time 


tDHW 


CAR 


30 




ns 


1 


Clock rising/falling time 


t Ct 


CL2 




30 


ns 





CL2 



\V,H J ^ - J ~\ 

^rVlL -J- V «a t WH l »» \^ 



tct 



-t DS - 



-*DH- 



Input data 



x 



CAR 
Output data 



-tDD- 



-t DH w~ 



Kv,„ 



Figure 17 Controller Interface of Common Driver 



HITACHI 

550 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



H D661 08T— 

(RAM-Provided 165-Channel LCD Driver 
for Liquid-Crystal Dot Matrix Graphics) 



Description 

The HD66108T under control of an 8-bit MPU 
can drive a dot matrix graphic LCD (liquid-crystal 
display) employing bit-mapped display with support 
of an 8-bit MPU. 

Use of the HD66108T enables a simple LCD system 
to be configured with only a small number of chips, 
since it has all the functions required for driving the 
display. 

The HD66108T also enables highly-flexible display 
selection due to the bit-mapped method, in which one 
bit of data in a display RAM turns one dot of an LCD 
panel on or off. A single HD66108T can display a 
maximum of 100 x 65 dots by using its on-chip 165 
x 65-bit RAM. Also, by using several HD66108Ts, 
a display can be further expanded. 
The HD66108T employs the CMOS process and 
TAB package. Thus, if used together with an MPU, it 
can provide the means for a battery-driven pocket- 
size graphic display device utilizing the low current 
consumption of LCDs. 



• Seven types of multiplexing duty ratios can be 
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66 
Notes: The maximum number of row outputs is 65. 

• Built-in bit-mapped display RAM: 10 kbits (165 x 
65 bits) 

• The word length of display data can be selected 
according to the character font: 8-bit or 6-bit 

• A standby operation is available 

• The display can be extended through a multi-chip 
operation 

• A built-in CR oscillator 

• An 80-system CPU interface: O = 4 MHz 

• Power supply voltage for operation: 2.7 V to 6.0 V 

• LCD driving voltage: 6.0 V to 15.0 V 

• Low current consumption: 400 |iA max (at f osc = 
500 kHz, f QSC is external clock frequency) 

• Package: 208-pin TCP (Tape-Carrier Package) 



Features 



• Four types of LCD driving circuit configurations 
can be selected: 



No. of 

Column No. of Row 
Configuration Type Outputs Outputs 



Column outputs only 


165 





Row outputs from the 


100 


65 (from left: 32, 


left and right sides 




from right: 33) 


Row outputs from the 


100 


65 


right side 1 






Row outputs from the 


132 


33 


right side 2 
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HD66108T 



Chip terminals 



s 

93 



X115 



Note: The above view is seen from the grinded surface of the chip, not TCP. 
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HD66108T 



Pin Description 



Classification 


No. 

of Pins 


Symbol 


I/O 


No. 

of Pins Function 


Power 


8, 9, 35, 36 






4 


Connect these pins to V cc . 


Supply 


12-14 


GND1-GND3 




3 


Ground these pins. 




1,43 


V 1 V 2 

V EE*' EE 


— 


2 


These pins supply power to the LCD driving 
circuits and should usually be set to the V6 
level. 




2,7 
37, 42 

4, O 

6, 39, 38 
3, 40, 41 


V6L, V1L, 
V1R, V6R, 
V4 V3 

VMH1-VMH3, 
VML1-VML3 


- 


12 


Apply an LCD driving voltage V1 to V6 to 
these pins. 


CPU 
interface 


23 


CS 


I 


1 


Input a chip select signal via this pin. A CPU 
can access the HD66108Ts internal 
registers only while the CS signal is low. 




25 


WR 


I 


1 


Input a write enable signal via this pin. 




26 


RD 


I 


1 


Input a read enable signal via this pin. 




24 


RS 


I 


1 


Input a register select signal via this pin. 




27-34 


DB0-DB7 


I/O 


8 


Data is transferred between the HD66108T 
and a CPU via these pins. 


LCD Driving 
Output 


44-208 


X0-X164 





165 


These pins output LCD driving signals. 
The X0-X31 and X100-X164 pins are 
column /row common pins and output row 
driving signals when so programmed. X32- 
X99 pins are column pins. 


LCD 
interface 


21 


FLM 


I/O 


1 


This pin outputs a first line marker when the 
HD66108T is a master chip and inputs the 
signal when the chip is a slave chip. 




20 


CL1 


I/O 


1 


This pin outputs latch clock pulses of display 
data when the chip is a master chip and 
inputs clock CL1 pulses when the chip is a 
slave chip. 




22 


M 


I/O 


1 


This pin outputs or inputs an M signal, which 
converts LCD driving outputs to AC; it 
outputs the signal when the HD66108T is a 
master chip and inputs the signal when the 
chip is a slave chip. 


Control 


10 


OSC1 


I 


1 


Input system clock pulses via this pin. 


Signals 


11 


OSC2 





1 


This pin outputs clock pulses generated by 
the internal CR oscillator. 




19 


CO 





1 


This pin outputs the same clock pulses as 
the system clock pulses, the OSC1 pin of a 
slave chip. 

Connect with the OSC1 pin of a slave chip. 




1ft 


IVI/O 


1 


1 


This pin specifies master/slave. Set this pin 
low when the HD66108T is a master chip 
and set high when the chip is a slave chip; 
must not be changed after power-on. 




17 


RESET 


1 


1 


Input a reset signal via this pin. Setting this 
pin low initializes the HD66108T. 




15, 16 


TEST1, 
TEST2 


1 


2 


These pins input a test signal and should 
usually be set low. 
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HD66108T 



Internal Block Diagram 



VML1 VMH1 
Vcd V6L V4 V3 V1 Vcc1 



Vcc2-Vcc3 - 
GND1-GND3- 



CL1- 
FLM- 
MS- 



RESET- 



CO- 
OSC2* 
OSC1 ■ 

TEST1 • 

TEST2 ' 



X31X32 



X99X100 



VMH3 VML3 V6 R 
Vcc4V1 VMH2 VHL2 Vcc2 



Column driver 



Row/column 
driver 



Level shifter 



Data latch circuit 



1 65 x 65-bit display memory 



Y decoder 



Row 
counter 



Memory 
l/ObufferN 



X address 
counter 



Y address 
counter 



Timing 
generator 



Clock pluse 

frequency 

divider 



8- to 6-bit converter 
_ 



X address a. 
register h 



Y address li- 
register N~ 



Control 



Mode u_ 
register N- 



C select y- 
register IV- 



MPX 



BUSY 



I/O controller 



/ | Address 

Vi ri register 



MPX 



tut 

CS WR RD RS 



I/O buffer 



DB7-DB0 
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HD66108T 



Register List 



Reg. No. Reg. Register Read 

CSRS21 Symbol Name Write 



Data Bit Assignment 



Busy time 



Invalid 




- 



- AR 



Address _ 



Busy 



STBY 



W 



DISE 



Register No. 



None 



1 DRAM Display . 

Memory 



D7 



D6 



D5 



D4 



D3 



D2 



W 



D1 



DO 



8 clocks max 




Notes: 1 . Shaded bits are invalid. Writing 1 or to invalid bits does not affect LSI operation. Reading 
these bits returns 0. 

2. DRAM is not actually a register but can be handled as one. 

3. Setting the WLS bit of control registerto 1 invalidates D7 and D6 bits of the display memory 
register. 

4. DRAM must not be written to or read from until a time period of t CL1 has elapsed rewriting 
the DUTY bit of FCR or the FFS bit of MDR. t CL1 can be obtained from the following 
equation; in general, a time period of 1ms or greater is sufficient if the frame frequency is 
60-90 Hz. 



*CL1 = 



D2 



(ms) — Equation 1 



Ni-f CLK (kHz) 

D2 (duty correction value 2) : 1 92 (duty = 1/32, 1/34, or 1/36) 

128 (duty = 1/48 or 1/50) 
96 (duty = 1/64 or 1/66) 
Ni (frequency-division ratio specified by the mode register's FFS bits) 

: 2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 

Refer to "6. Clock and Frame Frequency." 



Input clock frequency (kHz) 
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HD66108T 



System Description 

The HD66108T ran acci™ ? mo»u»m c f 55 cu * 
of 165 channels to row outputs for LCD driving 
. It also incorporates a timing generator and display 
memory, which are necessary to drive an LCD. 

If connected to an MPU and supplied with LCD 
driving voltage, one HD66108T chip can be used 
to configure an LCD system with a 100 x 65 dot 
panel (figure 1 ). In this case, clock pulses should 
be supplied by the internal CR oscillator or the 
MPU. 



Uoi*i£ LCD cApauaiuii Mguais v^i-i , ri^ivi, ana M 
enables the display size to be expanded. In this case, 
LCD expansion signal pins output corresponding 
signals when pin M/S is set low for master mocfe 
and conversely input corresponding signals when 
pin M/S is set high for slave mode; LCD expansion 
signal pins of both master chip and slave chips must 
be mutually connected. Figure 2 shows a basic 
system configuration using two HD66108T chips. 



MPU 




LCD driving 
power supply 



Figure 1 Basic System Configuration (1) 
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HD66108T 



MPU 



265 x 65-dot LCD 




Data bus 



HD66108T 
(Master chip) 




HD66108T 
(Slave chip) 



If 



LCD expansion signals 



LCD driving 
power supply 



Figure 2 Basic System Configuration (2) 
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HD66108T 



Functional Description 

1. Display Size Programming 

A variety of display sizes can be programmed by 
changing the system configuration and internal 
register settings. 

(1) System Configuration Using 1 HD66108T 
Chip 

When the 65-row-output mode is selected by internal 
register settings, a maximum of 100 dots in the X 
direction can be displayed (figure 3 (a)). Display 
size in the Y direction can be selected from 32 , 
34, 36, 48, 50, 64 , and 65 dots according to display 
duty setting. Note that Y direction settings does not 
affect those in the X direction (100 dots). 

When the 33-row-output mode is selected by internal 
register settings, a maximum of 132 dots in the X 
direction can be displayed (figure 3 (b)). 

Table 1 shows the relationship between display 



sizes and the control register's (FCR) ROS and 
DUTY bits. ROS and DUTY bit settings determine 
the function of X pins. For more details, refer to 
" 4.1 Row Output Pin Selection." 

(2) System Configuration Using 1 HD66108T 
Chip and 1 HD61203 Chip as Row Driver 

A maximum of 64 dots in the Y direction and 165 
dots in the X direction can be displayed. 48 or 64 
dots in the Y direction can be selected by HD61203 
pin settings (figure 3 (c)). 

(3) System Configuration Using 2 or more 
HD66108T Chips 

X direction size can be expanded by 165 dots per 
chip. Figure 3 (d) shows a 265 x 65-dot display. 
Y direction size can be expanded up to 130 dots 
with 2 chips; a 100 x 130-dot display provided by 
2 chips is shown in figure 3 (e). 



Table 1 Relationship between Display Size and Register Settings (No. of Dots) 



ROS Bit Setting Duty Bit Setting (Multiplexing Duty Ratio) 



(X0-X164Pin Function) 


1/32 


1/34 


1/36 


1/48 


1/50 


1/64 


1/66 


165-column-output 


Specified by a row driver 










65-row-output from the 
right side 


X: 100 
Y: 32 


X: 100 
Y:34 


X: 100 
Y: 36 


X: 100 
Y: 48 


X: 100 
Y: 50 


X: 100 
Y: 64 


X: 100 
Y:65 


65-row-output from the 
left and right sides 


X: 100 
Y: 32 


X: 100 
Y: 34 


X: 100 
Y:36 


X: 100 
Y:48 


X:100 
Y:50 


X: 100 
Y: 64 


X: 100 
Y:65 


33-row-output from the 
right side 


X: 132 
Y: 32 


X: 132 
Y:33 


X: 132 
Y: 33 


X: 132 
Y:33 


X: 132 
Y:33 


X: 132 
Y: 33 


X:132 
Y:33 
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X: 100 dots H 



-X: 132dots- 




T 

Y: 33 
dots 



(b) Configuration Using 1 HD66108T Chip (2) 
(33-Row Output from the Right Side) 



(a) Configuration Using 1 HD66108T Chip (1) 
(65-Row Output from the Right Side) 



le 



X: 165 dots- 



T 

Y: t 

r 



Y: 64 
dots 



(c) Configuration Using 1 HD66108T Chip and 1 HD61203 as Row Driver 
(165-Column Output) 



-X: 265 dots 



Area displayed by 


I Area displayed by 


chip 1 


I chip 2 



T 

Y: t 

r 



Y: 65 
dots 



(d) Configuration Using 2 HD66108T Chips (1) 
N X: 100 dots i 




(e) Configuration Using 2 HD66108T Chips (2) 

Figure 3 Relationship between System Configurations and Display Sizes 
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2. Display Memory Construction and Word 
Length Setting 

The HD66108T has a bit-mapped display memory 
of 165 x 65 bits. As shown in figure 4, data from 
the MPU is stored in the display memory, with the 
MSB (most significant bit) on the left and the LSB 
(least significant bit) on the right. 

The sections on the LCD panel corresponding to 
the display memory bits in which l's are written 
will be displayed as on (black). 

Display area size of the internal RAM is determined 
by control register (FCR) settings (refer to table 1). 

The start address in the Y direction for the display 
area is always YO, independent of the register setting. 
In contrast, the start address in the X direction is 
XO in the modes for 165-column-output, 65 -row- 
output from the right side, and 33-row-output from 



the right side, and is X32 in the 65-row-output mode 
from the left and right sides. 

Each display area contains the number of dots shown 
in table 1, beginning from each start address. 

For more detail, refer to " 4.2 Row Output Data 
Setting, " figures 15 to 19. 

In the display memory, one X address is assigned 
to each word of 8 or 6 bits long in X direction. 
(Either 8 or 6 bits can be selected as word length 
of display data.) Similarly, one Y address is assigned 
to each row in Y direction. 

Accordingly, X address 20 in the case of 8-bit word 
and X address 27 in the case of 6-bit word have 
5 and 3 bits of display data, respectively. 
Nevertheless, data is also stored here with the MSB 
on the left (figure 5). 
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Figure 4 Relationship between Memory Construction and Display 
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(b) Address Assignment When 1 Word is 6 Bits Long 



Figure 5 Display Memory Addresses 
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3. Display Data Write 

(1) Access 

Figure 6 shows the relationship between the 
address register (AR) and internal registers 
and display memory in the HD66 1 08T. Display 
memory shall be referred to as a data register 
since it can be handled as other registers. 

To access a data register, the register address 
assigned to the desired register must be written 
into the address register's Register No.bits. 
The MPU will access only that register until 
the register address is updated. 

(2) Busy Check 

A busy time period appears after display 
memory read/write or X or Y address register 
write, since post-access processing is 
performed synchronously with internal clock 
pulses. Updating data in registers other than 
the address register is disabled during this 
time. Subsequent data must be input after 
confirming ready mode by reading the address 
register. The busy time period is a maximum 
of 8 clock pulses after display memory read/ 
write and a maximum of 1 .5 clock pulses after 
X or Y address register write (figure 7). 

(3) Dummy Read 

When reading out display data, the data which 
is read out immediately after setting the X and 
Y addresses is invalid. Valid data can be read 
out after one dummy read, which is performed 
after setting the X and Y addresses desired 
(figure 8). 



(4) Limitations on Access 
Ac Ghovvn in flgu*c 9, uiaploy mcmuiy musi noi 
be rewritten until a time period of t^, or longer 
has elapsed after rewriting the control register's 
DUTY bits or the mode register's FFS bits. However, 
display memory and registers other than the control 
register and mode register can be accessed even 
during this time period. t CL1 can be obtained from 
the following equation. If using an LSI with a frame 
frequency of 60 Hz or greater, a time period of 1 
ms should be sufficient. 

t = P2 — (ms) ... Equation 1 

CLI Nif^kHz) 

D2 ( duty correction value 2 ) : 

192 ( duty = 1/32, 1/34, or 1/36) 
128 ( duty = 1/48 or 1/50 ) 
96 ( duty = 1/64 or 1/66 ) 

Ni ( frequency-division ratio specified by the mode 
register's FFS bits ) 

: 2, 1, 1/2, 1/3, 1/4, 1/6, or 1/8 
f CLK : Input clock frequency (kHz) 
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Figure 6 Relationship between Address Register and Register No. 
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Figure 7 Relationship between Clock Pulses and Busy Time ( Updating Display Data ) 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 563 



cs 



~L 



WR U -^ iJ 

RD 



DB 

(Accessed 
register) 
Output data 



i_r 



IT 



/ BUSY \ /"aR \ AXAR \ / BUSY \ / "AR \ / YAR \ / BUSY \ f *R \ / DRAM \ / BUSY \ / DRAM \ / BUSY \ / DRAM \ 

\ CHECK I \ WRITE I \ WRITE I \ CHECK I \ WRffE I \ WRITE I \ CHECK I \ WRITE I \ READ I \ CHECK/ \ READ / \ CHECK / \ READ / 

Sets an X address Xm Sets a Y address Yn Display memory 

(Address increment direction: X) dummy read 



HD66108T 



C 
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Figure 9 Rewriting Display Memory after Rewriting Registers 



3.2 X and Y Address Counter Auto-Incrementing 
Function 

As described in "2. Display Memory Construction 
and Word Length Setting, " the HD66108T display 
memory has X and Y addresses. Internal X address 
counter and Y address counter both employ an auto- 
incrementing function. After display data is read or 
written, the X or Y address is incremented according 
to the address increment direction selected by internal 
register. 



Although X addresses up to 20 are valid when 8 bits 
make up one word ( up to 27 when 6 bits make up one 
word ), the X address counter can count up to 3 1 since 
it is a 5-bit free counter. Similarly, although Y addresses 
up to 64 are valid, the Y address counter can count up 
to 127. Consequently, X or Y address must be re-set 
at an appropriate point as shown in figure 10. 
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Y address counted 
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Set address 
Write display 



20-H Re-set X address 

♦ 

21 Dummy read/write 



31 



Valid addresses 



Invalid addresses 



(1) Example of X Address Counter Increment 
(Word Length: 8 bits) 



♦ 



Set address 
Write display data 



31 - H Re-set Y address [ - 
♦ 

32 Dummy read/write 



127 

I 



Valid display area 



Invalid display area 



(2) Example of Y Address Counter Increment 
(Multiplexing duty ratio: 1/32) 



Figure 10 X/Y Address Counter Increment 
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4. Selection for LCD Driving Circuit Configuration 

4.1 Row Output Pin Selection 

The HD 66108T can assign a maximum of 65 pins for 
row outputs among the 165 pins named X0-X164. 
The XO-X 164 pins can be classified into four blocks 
labeled A, B, C, and D (figure 1 1 (a)). Blocks A, C, 
and D consist of row/column common pins and block 
B consists of column pins only. The output function 
of the LCD driving pins and the combination of 
blocks can be selected by internal registers. 

Figure 11 shows an example of 165-column-output 
mode. This configuration is useful when using more 
than 1 HD66108T chip or using the HD66108T as a 
slave chip of the HD61203. 

Figure 12 shows an example of 65-row-output mode 
from the right side. Blocks A and B are used for 
column output and blocks C and D (X100-X1 64 pins) 
for row output. This configuration offers an easy way 



of connecting row output lines in the case of using one 
or more HD66108T chips. 

Figure 13 shows an example of 65-row-output mode 
from the left and right sides. 32 pins of X0-X31 and 
33 pins of X132-X164 are used for row output here. 
This configuration offers an easy way of connecting 
row output lines in the case of using only one 
HD66108Tchip. 

Figure 14 shows an example of 33-row-output mode 
from the right side. Block D, i.e., XI 32-X164 pins, is 
used for row outputs. This configuration provides a 
means for assigning many pins to column outputs 
when 1/32 or 1/34 multiplexing duty ratio is desired. 

In all modes, it is row data and multiplexing duty ratio 
that determine which pins are actually used among the 
pins assigned to row output. Y values shown in table 
1 indicate the numbers of pins that are actually used. 
Pins not used must be left disconnected. 
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Figure 11 165-Column-Oiitput Mode 
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(b) System Configuration 



Figure 12 65-Row-Output Mode from the Right Side 
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Figure 13 65-Row-Output Mode from the Left and Right Sides 
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Figure 14 33-Row-Output-Mode from the Right Side 
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4.2 Row Output Data Setting 

If certain LCD driving output pins are assigned to row 
output, data must be written to display memory for 
row output. The specific area to which this data must 
be written depends on the row-output mode and the 
procedure of writing row data to the display memory 
(0 or 1 to which bits?) depends on which X pin drives 
which line of the LCD. Row data area is determined 
by the control register's (FCR) ROS and DUTY bits 
and is identical to the protected area, which will be 
described below. (165-column-output mode has no 
protected area, thus requiring no row data to be 
written (figure 15).) 

Procedure of writing row data to the display memory 
is as follows. First, 1 must be written to the bit at the 
intersection between line Yj and line (column) Xi 
(column). Line Yj is tilled with data to be displayed 
on the first line of the LCD and line Xi is connected to 
pin Xn, which drives the first line of the LCD. 
Following this, 0s must be written to the remaining 
bits on line Yj in the row data area. This rule applies 
to subsequent lines on the LCD. 

Table 2 shows the relationship between FCR settings 



and protected areas. 

Figure 16 shows the relationship between row data 
and display. Here the mode is 65-row output from the 
right side. Display data on Y0 is displayed on the first 
line of the LCD and data on Y64 is displayed on the 
65th line of the LCD. If X164 is connected to the first 
line of the LCD and X 100 is connected to the 65th line 
of the LCD, Is must be written to the bits on the 
diagonal line between coordinates (X164, Y0) and 
(X100, Y64) and 0s to the remaining bits. Row data 
protect function must be turned off before writing row 
data and be turned on after writing row data. Turning 
on the row data protect function disables read/write of 
display memory area corresponding to the row output 
pins, i.e., prevents row data from being destroyed. In 
figure 16, display memory area corresponding to pins 
X100 to X164 is protected. 

Figures 17 to 19 show examples of row data settings. 
Some multiplexing duty ratios result in invalid display 
areas. Although an invalid display area can be read 
from or written to, it will not be displayed. 



Table 2 Relationship between FCR Settings and Protected Areas 
Control Register (FCR) 

ROS LCD Driving Signal Output Pins Connected to 



PON 4 


3 


Mode 


Protected Area of Display Memory 


Figures 


1 





165-column 


No area protected 


15 


1 


1 


65-row (R) 


X100-X164 


16,19 


1 1 





65-row (L/R) 


X0-X31 andX132-X164 


17 


1 1 


1 


33-row (R) 


X132-X164 


18 



65-row (R) : 65-row-output mode from the right side 
65-row (L/R) : 65-row-output mode from the left and right sides 
33-row (R) : 33-row-output mode from the right side 
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Figure 15 Relationship between Row Data and Display 

(165-Column Output, 1/64 Multiplexing Duty Ratio) 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 573 



HD66108T 



Control register ROS bit = 01 
DUTY bit = 110 

LCD driving voltages: 

VMH1 m V3, VML1 = V4, 
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Figure 16 Relationship between Row Data and Display 

(65-Row Output from the Right Side, 1/66 Multiplexing Duty Ratio) 
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Figure 17 Relationship between Row Data and Display 

(65-Row Output from the Left and Right Sides, 1/66 Multiplexing Duty Ratio) 
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Figure 18 Relationship between Row Data and Display 

(33-Row Output from the Right Side, 1/34 Multiplexing Duty Ratio) 
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Control register ROS bit - 01 

DUTY bit = 011 
LCD driving voltages: 

VMH 1 = V3, VML 1 = V4, 
VMH2-V2, VML2-V5, 
VMH3 = V2, VML3 = V5 
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Figure 19 Relationship between Row Data and Display 

(65-Row Output from the Right Side, 1/48 Multiplexing Duty Ratio) 
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4.3 LCD Driving Voltage Setting 

There are 6 levels of LCD driving voltages ranging 
from VI to V6; VI is the highest and V6 is the lowest. 
As shown in figure 20, column output waveform is 
made up of a combination of VI, V3, V4, and V6 
while row output waveform is made up of VI , V2, V5, 
and V6. This means that VI and V6 are common to 
both waveforms while mid- voltages are different. 

To accommodate this situation, each block of the 
HD66108T is provided with power supply pins for 



mid- voltages as shown in figure 21 . Each pair of V1R 
and V1L and V6R and V6L are internally connected 
and must be applied the same level of voltage. Block 
B is fixed for column output and must be applied V3 
and V4 as mid-voltages. The other blocks must be 
applied different levels of voltages according to the 
function of their LCD driving output pins; if the LCD 
driving output pins are set for row output, VMHn and 
VMLn must be applied V2 and V5, respectively, 
while they must be applied V3 and V4, respectively, 
if the pins are set for column output (n = 1 to 3). 



Table 3 Relationship between FCR settings and LCD Driving Voltages 
Control Register (FCR) LCD Driving Voltage Pins 

ROS4ROS3 Mode VIR/VIL V3 V4 VMM VML1 VMH2 VML2 VMH3 VML3 V6R/V6L 









165-column 


V1 


V3 


V4 


V3 


V4 


V3 


V4 


V3 


V4 


V6 





1 


65-row (R) 


V1 


V3 


V4 


V3 


V4 


V2 


V5 


V2 


V5 


V6 


1 





65-row (UR) 


V1 


V3 


V4 


V2 


V5 


V3 


V4 


V2 


V5 


V6 


1 


1 


33-row (R) 


V1 


V3 


V4 


V3 


V4 


V3 


V4 


V2 


V5 


V6 



65-row (R) : 65-row-output mode from the right side 
65-row (L/R) : 65-row-output mode from the left and right sides 
33-row (R) : 33-row-output mode from the right side 
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Figure 20 LCD Driving Voltage Waveforms 
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XO X31 



LCD driving output pins 

X32 X99 X100---- X131 X132- X164 

A 



Block A 



Block B 



Block C 



VMH2 VML2 



V1L V6L VMH1 VML1 *V3 ~V4 

LCD driving power supply pins 



Block D 



VMH3 VML3 V6RV1R 



Figure 21 Relationship between Blocks and LCD Driving Voltages 



5. Multiplexing Duty Ratio and LCD Driving 
Waveform Settings 

A multiplexing duty ratio and LCD driving waveform 
can be selected via internal registers. 

A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48, 1/ 
50, 1/64, or 1/66 can be selected according to the LCD 
panel used. However, since there are only 65 row- 
output pins, only 65 lines will be displayed even if 1/ 
66 multiplexing duty ratio is selected. 

There are three types of LCD driving waveforms, as 
shown in figure 22: A-type waveform, B-type 
waveform, and C-type waveform. 

The A-type waveform is called per-half-line inversion. 
Here, the waveforms of M signal and CL1 signal are 
the same and alternate every LCD line. 

The B-type waveform is called per-frame inversion; 
in this case, the M signal inverts its polarity every 



frame so as to alternate every two LCD frames. This 
is the most common type. 

The C-type waveform is called per-n-line inversion 
and inverts its polarity every n lines (n can be set as 
needed within 1 to 31 via the internal registers). The 
C-type waveform combines the advantages of the A- 
and B-types of waveforms. However, some lines will 
not be alternated depending on the multiplexing duty 
ratio and n. To avoid this, another C-type waveform 
is available which is generated from the EOR of the C- 
type waveform M signal mentioned above and the B- 
type waveform M signal. Since the relationship 
between n and display quality usually depends on the 
LCD panel, n must be determined by observing actual 
display results. 

The B-type waveform should be used if the LCD 
panel specifies no particular type of waveform. 
However, in some cases, the C-type waveform may 
create a better display. 
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Figure 22 LCD Driving Waveforms 

(Row Output with a 1/32 Multiplexing Duty Ratio) 
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6. Clock and Frame Frequency 



7. Display Off function 



An input clock with a 200-kHz to 4-MHz frequency 
can be used for the HD66 1 08T. Note that raising clock 
frequency increases current consumption although it 
reduces busy time and enables high-speed operations. 
An optimum system clock frequency should thus be 
selected within 200 kHz to 4 MHz. 

The clock frequency driving the LCD panel (= frame 
frequency) is usually 70 Hz to 90 Hz. Accordingly, 
the HD66108T is so designed that the frequency- 
division ratio of the input clock can be selected. The 
HD66108T generates around 80-Hz LCD frame 
frequency if the frequency-division ratio is 1. The 
frequency-division ratio can be obtained from the 
following equation. 



Ni = 



500 
80 



x Dl 



Ni 



f 

CLK 

Dl 



: Frequency-division ratio 
: Frame frequency required for the LCD 
panel (Hz) 

: Input clock frequency (kHz) 

: Duty correction value 1 

Dl =B 1 when multiplexing duty ratio is 1/32, 

1/48 or 1/64 

Dl = 32/34 when multiplexing duty ratio is 
1/34 

Dl = 32/36 when multiplexing duty ratio is 
1/36 

Dl = 48/50 when multiplexing duty ratio is 
1/50 

Dl = 64/66 when multiplexing duty ratio is 
1/66 



The frequency-division ratio nearest the value obtained 
from the above equation must be selected; selectable 
frequency-division ratios by internal registers are 2* 
1, 1/2, 1/3, 1/4, 1/6, and 1/8. 



The HD66 1 08Thas a display off function which turns 
off display by rewriting the contents of the internal 
register. This prevents random display at power-on 
until display memory is initialized. 

8. Standby Function 

The HD66108T has a standby function provinding 
low-power dissipation. Writing a 1 to bit 6 of the 
address register starts up the standby function. 

The LCD driving voltages, ranking from VI to V6, 
must be set to V cc to prevent DC voltage from beging 
applied to an LCD panel during standby state. 

The HD66108T operates as follows in standby mode. 

(1) Stops oscillation and external clock input 

(2) Resets all registers to 0's except the STBY bit 

Here, note that the display memory will not preserve 
data if the standby function is turned on; the display 
memory as well as registers must be set again after the 
standby function is terminated. 

Table 4 shows the standby status of pins and table 5 
shows the status of registers after standby function 
termination. 

Writing a to bit 6 of the address register terminates 
the standby function. Writing values into the DISP 
and Register No. bits at this time is ignored; these bits 
need to be set after the standby function has been 
completely terminated. 

Figure 23 shows the flow for start-up and termination 
of the standby function and related operations. 



Table 4 Standby Status of Pins 


Pin 


Status 


OSC2 


High 


CO 


Low 


CL1 


Low (master chip) or high-impedance (slave chip) 


FLM 


Low (master chip) or high-impedance (slave chip) 


M 


Low (master chip) or high-impedance (slave chip) 


Xn (column output pins) 


V4 


Xn' (row output pins) 


V5 
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Table 5 Register Status after Standby Funetion Termination 
Register Name Status after Standby Function Termination 



Address register 


Reset to O's except for the STBY bit 


X address register 


Reset to O's 


Y address register 


Reset to O's 


Control register 


Reset to O's 


Mode register 


Reset to O's 


C select register 


Reset to O's 



Display memory Data not preserved 



Start-up ( Set the LCD driving voltages to V cc level ^ 



Set the STBY bit to 1 
(turn on the standby function) 



Q Wait until external clock pulses stabilize ^ 1 



Termination / Set the STBY bit to 

I (turn off the standby function) 



^ Supply the LCD driving voltages ^ 

Q Set registers again ^ 

^ Wait for a time period of t CL1 or longer ^ *^ 

^ Set the display memory again ^ 

( Set the DISP bit to 1 (turn on LCD) ^ 



Notes: 1 . Not necessary in the case of using internal oscillation 
2. Refer to equation 1 (section 3.1). 



Figure 23 Start-Up and Termination of Standby Function and Related Operations 
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9. Multi-Chip Operation 

Using multiple HD66108T chips (= multi-chip 
operation) provides the means for extending the 
number of disply dots. Note the following items when 
using the multi-chip operation. 

(1) The master chip and the slave chips must be 
determined; the M/S pin of the master chip must 
be set low and the M/S pin of the slave chips 
must be set high. 

(2) All the HD66108T chips will be slave chips if 
HD61203 or its equivalent is used as a row 
driver. 

(3) The master chip supplies the FLM, CL 1 , and M 
signals to the slave chips via the corresponding 
pins, which synchronizes the slave chips with 
the master chip. 

(4) Since a master chip outputs synchronization 
signals, all data registers must be set. 



(5) The following bits for slave chips must always 
be set: 

INC, WLS, PON, and ROS (control register) 
FFS (mode register) 

It is not necessary to set the control register's 
DUTY bits, the mode register's DWS bits, or 
the C select register. For other registers' settings, 
refer to table 6. 

(6) All chips must be set to LCD off in order to turn 
off the display. 

(7) The standby function of slave chips must be 
started up first while that of the master chip 
must be terminated first. 

Figure 24 to 26 show the connections of the 
synchronization signals for different system 
configurations and table 6 lists the differences between 
master mode and slave mode. 



LCD 



Row 
output 



Column 
output 



HD66108T 
Slave mode 



DSC1 FLM CL1 



Column 
output 



HD66108T 
Master mode 



0SC1 FLM CL1 



Clock 

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 

Figure 24 Configuration Using 2 HD66108T Chips (1) 
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Row 
output 



LCD 



Column 
output 



HD66108T 
Master mode 



OSC1 FLM CL1 



Column 
output 



HD66108T 
Slave mode 



0SC1 FLM CL1 



Clock 

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin. 

Figure 25 Configuration Using 2 HD66108T Chips (2) 



5 
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Row output 




HD61203 
Row driver 

M 

CR FRM CL2 




HD66108T 
Slave mode 

M 

OSC1 FLM CL1 





Clock 



Note: 1 . The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be 
supplied to the HD61 203 from the HD661 08T's CO pin. 
2. The HD61203's control pins must be set in accordance with the type of RAMs. 



Figure 26 Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203) 
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Table 6 Comparison between Master and Slave Mode 




Item 


Master Mode 


Slave Mad a 


Pin: M/S 


Must be set low 


Must be set high 


OSC1,OSC2 


Oscillation is possible 


Oscillation is possible 


CO 


= OSC1 


= OCS1 


FLM, CL1,M 


Output signals 


Input signals 


Register: AR 


Valid 


Valid 


XAR 


Valid 


Valid 


YAR 


Valid 


Valid 


FCR 


Valid 


Valid except for the DUTY bits 


MDR 


Valid 


Valid except for the DWS bits 


CSR 


Valid (only if the DWS bits are 


Invalid 



set for the C-tye waveform) 



: Needs to be set 
Need not be set 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 587 



HD66108T 



Internal Registers 

All HD66108Ts registers can be read from and 
written into. However, the BUSY FLAG and invalid 
bits cannot be written to and reading invalid bits or 
registers returns O's. 

1. Address Register (AR) (Accessed with RS = 0) 
This register (figure 27) contains Register No. bits, 



BUSY FLAG bit, STBY bit, and DISP bit. Register 
No. bits select one of the data registers according to 
the register number written. The BUSY FLAG bit 
indicates the internal operation state if read. The 
STBY bit activates the standby function. The DISP 
bit turns the display on or off. This register is selected 
when RS pin is 0. 

/ 

Bits D4 and D3 are invalid. 



D7 D6 D5 D4 D3 D2 D1 DO 



BUSY 
FLAG 


STBY 


DISP 




Register No. 



(1) STBY 

- 1 : Standby function on 

- 0: Normal (standby function off) 

* When standby function is on, all registers are reset to O's 

(2) DISP 

-1: LCD on 
-0: LCD off 

(3) Register No. 



Bit 



No. 


2 


1 





Register 














Display memory 


1 








1 


X address register 


2 





1 





Y address register 


3 





1 


1 


Control register 


4 


1 








Mode register 


5 


1 





1 


C select register 



(4) BUSY FLAG (Can be read only) 
- 1 : Busy state 
-0: Ready state 



Figure 27 Address Register 
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2. Display Memory (DRAM) (Accessed with RS 
= 1, register number = (000) 2 ) 

Although display memory (figure 28) is not a register, 
it can be handled as one. 8- or 6-bit data can be 
selected by the control register WLS bit according to 
the character font in use. If 6-bit data is selected, D7 
and D6 bits are invalid. 

3. X Address Register (XAR) (Accessed with RS 
= 1, register number = (001) 2 ) 



This register (figure 29) contains 3 invalid bits (D7 to 
D5) and 5 valid bits (D4 to DO). It sets X addresses and 
confirms X addresses after writing or reading to or 
from the display memory. 

4. Y Address Register (Y AR) (Accessed with RS = 
1, register number = (010) 2 ) 

This register (figure 30) contains 1 invalid bit (D7) and 
7 valid bits (D6 to DO). It sets Y addresses and 
confirms Y addresses after writing or reading to or 
from the display memory. 



D7 D6 


D5 D4 D3 D2 D1 DO 






8-Bit Data 






* * 


6-Bit Data 




Reading bits marked with * return 0s and writing them is invalid. 



Figure 28 Display Memory 





D7 D6 D5 


D4 D3 D2 D1 DO 








XAD 




XAD: to 20 ($00 to $14) when display data is 8 bits long and to 27 ($00 to $1 B) when display data 




is 6 bits long. A maximum of $1 F is programmable. 



Figure 29 X Address Register 



D7 




D6 D5 D4 


D3 D2 D1 


DO 






YAD 




YAD: 


0to128($00to$7F) 







Figure 30 Y Address Register 
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5. Control Register (FCR) (Accessed with RS = 
1, register number = (011) 2 ) 

This register (figure 31), containing eight bits, has a 
variety of functions such as specifying the method for 
accessing RAM, determining RAM valid area, and 
selecting the function of the LCD driving signal 
output pins. It must be initialized as soon as possible 



after power-on since it determines the overall operation 
oftheHD66108T. The PON bit may have to be re-set 
afterwards. If the DUTY bits are rewritten after 
initialization at power-on (if values other than the 
initial values are desired), the display memory will 
not preserve data; the display memory must be set 
again after a time period of t^ or longer. For 
determining t^,, refer to equation 1 (section 3.1). 



D7 D6 D5 D4 D3 D2 D1 DO 



INC 


WLS 


PON 


ROS 


DUTY 



(1) INC (Address increment direction select) 
- 1 : X address is incremented 

- 0: Y address is incremented 

(2) WLS (Word length (of display data) select) 
- 1 : 6-bit word 

-0: 8-bit word 

(3) PON (Row data protect on) 
- 1 : Protect function on 

- 0: Prefect function off 

(4) ROS (Row output (function of LCD driving output pins) select) 





Bit 




No. 


43 


Contents 





00 


165 column outputs 


1 


01 


65 row outputs from the right side 


2 


1 


65 row outputs from the left and right sides 


3 


1 1 


33 row outputs from the right side 



(5) DUTY (Multiplexing duty ratio) 
Bit Multiplexing 



No. 


2 


1 





Duty Ratio 














1/32 


1 








1 


1/34 


2 





1 





1/36 


3 





1 


1 


1/48 


4 


1 








1/50 


5 


1 





1 


1/64 


6 


1 


1 





1/66 


7 


1 


1 


1 


Testing mode 



Figure 31 Control Register 
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6. Mode Register (MDR) (Accessed with RS = 1, 
register number = (100) 2 ) 

This register (figure 32), containing 3 invalid bits (D7 
to D5) and 5 valid bits (D4 to DO), selects a system 
clock and type of LCD driving waveform. It must 
also be initialized after power-on since it determines 
overall HD66 1 08T operation like the FCR register. If 



the FFS bits are rewritten after initialization at power- 
on (if values other than the initial values are desired), 
the display memory will not preserve data; the display 
memory must be set again after a time period of t^, or 



longer. For determining 
(section 3.1). 



t CL1 , refer to equation 1 



07 D6 D5 D4 D3 D2 D1 



DO 



FFS 



DWS 



(1 ) FFS (Frame frequency select) 







Bit 




Frequency- 


No. 


4 


3 


2 


Division Ratio 














1 


1 








1 


1/2 


2 





1 





1/3 


3 





1 


1 


1/4 


4 


1 








1/6 


5 


1 





1 


1/8 


6 


1 


1 





2 


7 


1 


1 


1 





(2) DWS (LCD driving waveform select) 
Bit 



No. 


1 





Driving Waveform 











A-type waveform 


1 





1 


B-type waveform 


2 


1 





C-type waveform 


3 


1 


1 





Figure 32 Mode Register 
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7. C Select Register (CSR) (Accessed with RS = and D6) and 5 validbits (D5 to DO). It controls C-type 
1, register number = (101) 2 ) waveforms and is activated only when MDR register's 

DWS bits are set for this type of waveform. 

This register (figure 33) contains 2 invalid bits (D7 



07 D6 D5 D4 D3 D2 D1 DO 



EOR 



CLN 



(1 ) EOR (B-type waveform M signal © no. of counting lines on/off) 
- 1 : EOR function on 
-0: EOR function off 



(2) CLN (No. of counting lines in C-type waveform) 

1 to 31 should be set in these bits; must not be set. 



Figure 33 C Select Register 
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Reset Function 



The R ESET p in starts the HD66108T after power- 
on. A RESET signal must be input via this pin for 
at least 20 fas to prevent system failure due to 
excessive current created after power-on. Figure 34 
shows the reset definition. 

(1) Reset Status of Pins 

Table 7 shows the reset status of output pins. 
The pins return to normal operation after reset. 

(2) Res et Statu s of Registers 

The RESET signal has no effect on registers 



(3) 



or register bits except for the address register's 
STBY bit and the X and Y address registers, 
which are reset to O's by the signal. Table 8 
shows the reset status of registers. 

Status after Reset 

The display memory does not preserve data 
which has been written to it before reset; it 
must be set again after reset. 



A RESET signal terminates the standby mode. 



Table 7 Reset Status of Pins 


Pin 


Status 


OSC2 


Outputs clock pulses or oscillates 


CO 


Outputs clock pulses 


CL1 


Low (master chip) or high-impedance (slave chip) 


FLM 


Low (master chip) or high-impedance (slave chip) 


M 


Low (master chip) or high-impedance (slave chip) 


Xn(column output pins) 


V4 


Xn' (Row output pins) 


V5 


Table 8 Reset Status of Registers 


Register 


Status 


Address register 


Pre-reset status with the STBY bit reset to 


X address register 


Reset to O's 


Y address register 


Reset to O's 


Control register 


Pre-reset status 


Mode register 


Pre-reset status 


C select register 


Pre-reset status 


Display memory 


Preserves no pre-reset data 







RESET 



At reset ' 



k 0.15 xV cc J 


S 0.15 x V cc 




During reset 


After reset 


(Reset status) 





Figure 34 Reset Definition 
HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 593 



HD66108T 



Precautionary Notes When Using the HD66108T 

(1) Install a 0.1 -|xF bypass capacitor as close to 
the LSI as possible to reduce power supply 
impedance (V CC -GND and V CC -V EE ). 

(2) Do not leave input pins open since the 
HD66108T is a CMOS LSI; refer to "Pin 
Functions" on how to deal with each pin. 

(3) When using the internal oscillation clock, 
attach an oscillation resistor as close to the 
LSI as possible to reduce coupling capacitance. 

(4) Make sure to input the reset signal at power- 
on so that internal units operate as specified. 

(5) Maintain the LCD driving power at V cc during 
standby state so that DC is not applied to an 
LCD, in which Xn pins are fixed at V4 or V5 
level. 

Programming Restrictions 

(1) After busy time is terminated, an X or Y 



address is not incremented until 0.5-clock 
time has passed. If an X or Y address is read 
during this time period, non-updated data will 
be read. (The addresses are incremented even 
in this case.) In addition, the address increment 
direction should not be changed during this 
time since it will cause malfunctions. 

(2) Although the maximum output rows is 33 
when 33-row-output mode from the right side 
is specified, any multiplexing duty ratio can 
be specified. Therefore, row output data 
sufficient to fill the specified duty must be 
input in the Y direction. Figure 35 shows how 
to set row data in the case of 1/34 multiplexing 
duty ratio. In this case, 0s must be set in Y33 
since data for the 34th row (Y33) are not 
output. 

(3) Do not set the C select register's CLN bits 
to for the M signal of C-type waveform. 



Y0 
Y1 
Y2 
Y3 



Y30 
Y31 
Y32 
Y33 



X132 
X131 X133 



X164 
X163 
















1 












1 





































I 
1 
1 

































1 












1 










































All O'S 



y v 



y 



Display data area 



Row data area 



Figure 35 How to Set Row Data for 33-Row Output from the Right Side 
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Absolute Maximum Ratings 



Item 


wy 1 1 1 uisi 


nciiii iyd 


Unit 


Power Supply Voltage (1) 


V cc 1 to V cc 3 


-0.3 to +7.0 


V 


Power Supply Voltage (2) 


V - V 

V CC EE 


-0.3 to +16.5 


V 


Input Voltage 


v,„ 


-0.3 to VCC + 0.3 


V 


Operating Temperature 


t .p 


-20 to + 75 


°c 


Storage Temperature 


T .« 


-20 to +85 


°c 



Notes: 1. Permanent LSI damage may occur if the maximum ratings are exceeded. 

Normal operation should be under recommended operating conditions (V cc = 2.7 
to 6.0 V, GND = V, Ta = -20 to + 75°C). If these conditions are exceeded, 
LSI malfunctions could occur. 



2. Power supply voltages are referenced to GND = V. Power supply voltage (2) 
indicates the difference between V rr and V PI= . 
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Electrical Characteristics 

DC Characteristics (1) (V cc = 5 V ±20%, GND = 0V, V a - V EE = 6.0 to 15 V, Ta = -20 to+75°C, 
unless otherwise noted) 



Item 




Symbol Mln 


Typ 


Max 


Unit 


Test Conditions 


Notes 


Input High 
Voltage 


OSC1 




0.8 xV^ 




Vcc + 0.3 


V 






ffl/S,CL1,FLM, 
M, TEST1 , TEST2 




0.7 xV^ 




Vcc + 0.3 


V 








RESET 




0.85 xV^ - 


Vcc + 0.3 


V 








The other inputs 




2.0 




Vcc + 0.3 


V 


Vcc«5V±10% 


5 


Input Low 


OSC1 


vj 


-0.3 


- 


0.2 x Vcc 


V 






Voltage 


M/S, CL1 , FLM, 
M, TEST1 , TEST2 




— u.o 




0.3 x Vcc 


V 








RESET 




-0.3 




0.15 x Vcc 


V 








The other inputs 




-0.3 


_ 


0.8 


V 


Vcc = 5V±10% 


6 


Output High 
Voltage 


CO, CL1.FLM.M 


v oh' 


0.9 xV^ 




- 


V 


-\ w = 0.1 mA 




DB7-DB0 




2.4 






V 


-1^ = 0.2 mA 
Vcc = 5V±10% 


7 


Output Low 
Voltage 


CO, CL1 , FLM, M 








0.1 xV^ 


V 


'ot 88 0*^ m A 




DB7-DB0 


V 2 






0.4 


V 


1^ = 1.6 mA 

Vk-sviiok 


8 


Input Leakage 
Current 


All except DB7-DB0, 
CL1.FLM.M 


'in 






2.5 


*iA 


V^.OtoVcc 




Tri-State 
Leakage Current 


DB7-DB0, CL1.FLM, 
M 


T8L 


-10 




10 


MA 


V^OtoVcc 




V Pins Leakage 
Current 


V1,V3,V4,V6, 
VMHn, VMLn 


'VL 


-10 




10 


HA 


V.-V^toVcc 




Current 
Consumption 


During display 


'ccl 






400 


HA 


External clock 
Tqqq s ouu kpiz 


1 












1.0 


mA 


Internal oscillation 
Rf = 91 kQ 


1 




During standby data 


'sB 






10 


HA 




1,2 


ON Resistance 
between Vi and Xj 


X0-X164 


R ON 






10 


kQ 


±1^-50^ 
Vcc-Vee-lOV 


3 


V Pins Voltage 
Range 




AV 






35 


% 




4 


Oscillating Frequency 


^osc 


315 


450 


585 


kHz 


Rf»91kQ 





Notes: 1 . When voltage applied to input pins is fixed to V^ or to GND and output pins have no load capacity. 

2. When the LSI is not exposed to light and Ta = to 40°C with the STBY bit s 1 . If using external clock pulses, 
input pins must be fixed high or low. Exposing the LSI to light increases current consumption. 

3. I LD indicates the current supplied to one measured pin. 

4. AV = 0.35 x (Vcc ~ v ee)- For ,eve,s V1 » V2, and V3, the voltage employed should fall between the V^ and the 
AV and for levels V4, V5, and V6, the voltage employed should fall between the V EE and the AV (figure 36). 

5. V IH 3 (min) = 0.7 x Vcc when used under conditions otherthan Vcc « 5 v±10%. 

6. V IL 3 (max) = 0.1 5 x V^ when used under conditions other than V^ = 5 V ±1 0%. 

7. V OH 2 (min) « 0.9 x V^ * 0.1 mA) when used under conditions other than V^ * 5 V ±1 0%. 

8. V QL 2 (max) « 0.1 x V^ (l^ » 0.1 mA) when used under conditions other than V^ « 5 V ±1 0%. 
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DC Characteristics (2) ( V cc = 2.7 to 4.0 V, GND = V, V cc - V EE = 6.0 to 15 V, Ta = -20 to +75°C, 
unless otherwise noted) 



Item 




Symbol Min 


Typ 


Max 


Unit 


Test Conditions 


Notes 


Input High 


RESET 


v ih' 


X v cc 




Vcc + <>-3 


V 






Voltage 


The other inputs 


V,„2 


0.7xV cc 




Vcc + 0.3 


V 






Input Low 
Voltage 


M/S, OSC1,CL1,FLM, 
TEST1 , TEST2, M 


v IL i 


-0.3 


_ 


0.3 xV^ 


V 








The other inputs 


V 


-0.3 




0.15 xV^ 


V 






Output High 
Voltage 




VcJ 


0.9 xV^ 


- 


- 


V 


Ho„-50|iA 




Output Low 
Voltage 




V OL 1 




- 


0.1 xV^ 


V 


Iql = 50 juA 




Input Leakage 
Current 


All except DB7-DB0, 
CL1.FLM, M 


IIL 


-2.5 


- 


2.5 


HA 






Tri-State DB7-DB0, CL1 , FLM, 
Leakage Current M 


'tsl 


-10 


- 


10 


uA 


v^-otov^ 




V Pins Leakage 
Current 


V1, V3, V4, V6, 
VMHn, VMLn 


'VL 


-10 


- 


10 


HA 


V.-V^toV^ 




Current 
Consumption 


During display 


'cc^ 


- 


_ 


260 


HA 


External clock 
f osc = 500 kHz 


1 






'cc2 






700 


HA 


Internal oscillation 
Rf = 75 kQ 


1 




During standby state 


'SB 






10 


HA 




1.2 


ON Resistance 
between Vi and X 


X0-X164 


R ON 






10 


kil 


±Ild = 50 uA 

v cc -v EE «iov 


3 


V Pins Voltage 
Range 




AV 






35 


% 




4 


Oscillating Frequency 


^osc 


315 


450 


585 


kHz 


Rf = 75kQ 





Notes: 1 . When voltage applied to input pins is fixed to V cc or to GND and output pins have no load capacity. Exposing 
the LSI to light increases current consumption. 

2. When the LSI is not exposed to light and Ta = to 40°C with the STBY bit = 1 . If using external clock pulses, 
input pins must be fixed high or low. 

3. \ w indicates the current supplied to one measured pin. 

4. AV = 0.35 x (V cc - V EE ). For levels V1 , V2, and V3, the voltage employed should fall between the V^. and 
the AV and for levels V4, V5, and V6, the voltage employed should fall between the V EE and the AV (figure 
36) 
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"CC 

_J 


AV 


V1, V2, V3 Levels 








| AV 


V4, V5, V6 Levels 


EE 



Figure 36 Driver Output Waveform and Voltage Levels 



HITACHI 

598 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66108T 



AC Characteristics (1) (V cc = 4.5 to 6.0 V, GND = V, Ta = -20 to +75°C, unless otherwise noted) 
1. CPU Bus Timing (figure 37) 



Item 


Symbol 


Min 


Max 


Unit 


RD High-Level Pulse Width 


WRH 


190 


- 


ns 




RD Low-Level Pulse Width 


*WRL 


190 


- 


ns 




WR High-Level Pulse Width 


*WWH 


190 


- 


ns 




WR Low-Level Pulse Width 


*WWL 


190 


- 


ns 




WR-~RD High-Level Pulse Width 


*WWRH 


190 


- 


ns 




CS, RS Setup Time 


*AS 





- 


ns 




CS, RS Hold Time 


*AH 





- 


ns 




Write Data Setup Time 


*DSW 


100 


- 


ns 




Write Data Hold Time 


DHW 





- 


ns 




Read Data Output Delay Time 


DDR 




150 


ns 


Note 


Read Data Hold Time 


DHR 


20 




ns 


Note 


External Clock Cycle Time 


*CYC 


0.25 


5.0 


us 




External Clock High-Level Pulse Width 


*WCH 


0.1 


- 


us 




External Clock Low-Level Pulse Width 


*WCL 


0.1 


- 


us 




External Clock Rise and Fall time 


tr,tf 


- 


20 


ns 




Note: Measured by test circuit 1 (figure 39). 












2. LCD Interface Timing (figure 38) 
item 


Symbol 


Min 


Max 




Notes 


M/S =* CL1 High-Level Pulse Width 




35 


- 




1,4,5 


CL1 Low-Level Pulse Width 




35 


- 




1,4,5 


FLM Delay Time 


W1 


-2.0 


+2.0 




4,5 


FLM Hold Time 


W1 


-2.0 


+2.0 




4,5 


M Output Delay Time 




-2.0 


+2.0 




4,5 


M/S = 1 CL1 High-Level Pulse Width 




35 






4,5 


CL1 Low-Level Pulse Width 




11 Xt CYC 






2, 4,5 


FLM Delay Time 


W2 


-2.0 


1.5xt CYC 




3, 4, 5 


FLM Hold Time 




-2.0 


+2.0 




4,5 


M Delay Time 




-2.0 


+2.0 




4,5 



Notes: 1 . When R^ is 91 ka (V cc - 4.0 to 6 V) or 75 kfl (V cc - 2.0 to 4.0 V) and bits FFS are set for 1 . 

2. When bits FFS are set for 1 or 2. The value is 19 x t CYC in other cases. 

3. When bitgs FFS are set for 1 or 2. The value is 8.5 x t CYC in other cases. 

4. Measured by test circuit 2 (figure 39). 

5. Units are us. 
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AC Characteristics (2) (V cc = 2.7 to 4.5 V, GND = V, Ta = -20 to +75°C, unless otherwise noted) 
1. CPU Bus Timing (figure 37) 



Item 


Symbol 


Min 


Max 


Unit 


RD High-Level Pulse Width 


WRH 


1.0 


- 


us 


RD Low-Level Pulse Width 


*WRL 


1.0 


— 


us 


WR Hlgh-Level Pulse Width 


*WWH 


1.0 


- 


[IS 


WR Low-Level Pulse Width 


*WWL 


1.0 


— 


us 


WR-RD High-Level Pulse Width 


WWRH 


1.0 


— 


us 


CS, RS Setup Time 


*AS 


0.5 




us 


CS, RS Hold Time 


*AH 


0.1 


— 


us 


Write Data Setup Time 


*DSW 


1.0 


- 


\xs 


Write Data Hold Time 


*DHW 





- 


lis 


Read Data Output Delay Time 


DDR 




0.5 


us Note 


Read Data Hold Time 


DHR 


20 




ns Note 


External Clock Cycle Time 


*CYC 


1.6 


5.0 


us 


External Clock High-Level Pulse Width 


*WCH 


0.7 


- 


us 


External Clock Low-Level Pulse Width 


*WCl 


0.7 


- 


us 


External Clock Rise and Fall time 


tr,tf 


- 


0.1 


us 


Note: Measured by test circuit 2 (figure 39). 










2. LCD Interface Timing (figure 38) 
item 


Symbol 


Min 


Max 


Notes 


M/S « CL1 High-Level Pulse Width 




35 


- 


1,4,5 


CL1 Low-Level Pulse Width 




35 


- 


1,4,5 


FLM Delay Time 




-2.0 


+2.0 


4,5 


FLM Hold Time 


W1 


-2.0 


+2.0 


4,5 


M Output Delay Time 




-2.0 


+2.0 


4,5 


M/S = 1 CL1 High-Level Pulse Width 




35 




4,5 


CL1 Low-Level Pulse Width 


t 2 


11 x t CYC 




2,4,5 


FLM Delay Time 


W2 


-2.0 


1.5xt CYC 


3, 4,5 


FLM Hold Time 




-2.0 


+2.0 


4,5 


M Delay Time 




-2.0 


+2.0 


4,5 



Notes: 1 . When R^ is 91 ktt (V cc » 4.0 to 6 V) or 75 ka (V cc - 2.7 to 4.0 V) and bits FFS are set for 1 . 

2. When bits FFS are set for 1 or 2. The value is 1 9 x t CYC in other cases. 

3. When bits FFS are set for 1 or 2. The value is 8.5 x t CYC in other cases. 

4. Measured by test circuit 2 (figure 39). 

5. Units are us. 
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cs 

RS 



m 



RD 



r 



DBO-7 • 



v IH -n 



\ 



*WRH 



V7 C 



*wwr 



*WWH 



7 



*WRL 



v„ I 1 



ore j- 



Figure 37 CPU Bus Timing 



CL1 



FLM 



M 



V /V -- 
V OH / V iH ^ 



Whi^wchs 



7 



— 3_l 
VVt. 



*DMO^DMI 



X 



Figure 38 LCD Interface Timing 
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O- 



77T 




All diodes arelS2074® 



R = 11kQ 
C = 130pF 

Test Circuit 1 



O 



JJJ C = 50pF 



Test Circuit 2 



Figure 39 Load Circuits 



602 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66108T 



TCP Sketches and Mounting 

The following shows TCP sketches and TCP mounting on a printed circuit board. These drawings do not restrict 
TCP shape. 



Potting resin Solder resist 




TCP Rough Sketch 



surface Pattem ,:>,ated Potting resin Pattern-formed surface 




^ LSI 



| Tape base 

(Chip back-grinded surface) 



A-A' Cross-Sectional View 



Chip back-grinded surface 
Solder 



z 



LSI 



Tape base 

_zl_ 



Tape base 

t 



PC board 



] i 



Pattern-formed surface 



TCP Mounting on PC Board 
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LCD Video Interface 
Controller (LVIC) 

Description 

The HD66840F LVIC interface controller 
converts the standard video signals R, G, B for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD 
system without any changes. It also enables 
the software originally intended for CRT dis- 
play to control the LCD. 

Since the LVIC can control TFT-type LCDs in 
addition to the current TN-type LCD, it can 
support color display as well as monochrome 
display. It can program screen size and can 
control a large-panel LCD of 720 dots x 512 
dots (max). 

Features 

• Converts video R, G, B signals for CRT 
display into LCD data: 

— Monochrome display data 

— 8 -level gray scale display data 

— 8 -color display data 

• Can select LVIC control method: 
—Pin programming method 

— Internal register programming method 
(either with MPU or ROM) 

• Can program screen size: 

—200, 350, 400, 480, 512, or 540 dots 
(lines) in height and 640, or 720 dots (80, 
or 90 characters) in width by pin pro- 
gramming method 

—4-1024 dots (lines) in height and 32- 
4048 dots (4-506 characters) in width by 
internal register programming method 

• Can regenerate the display timing signal 
from HSYNC and VSYNC 

• Internal PLL circuit can generate the dot 
clock (external charge pump, low pass 
filter (LPF), and voltage-controlled oscil- 
lator (VCO) required) 

• Can control both TN-type LCD and TFT- 
type LCD 

• Maximum operating frequency: 25 MHz 
(dot clock for CRT display) 

• LCD driver interface: 4-, 8-, or 12-bit (4 bits 
each for R, G, B) parallel data transfer 

• Recommended LCD drivers: HD61104 
(column) and HD61105 (common), 
HD66204 (column) and HD66205 (com- 
mon), HD66106 and HD66107T (column/ 
common) 

• CMOS 1.3 M m process 

• Single power supply: +5 V ± 10 % 



For Maintenance Only 



For new designs please see 
data sheet for HD66841 F 



100-pin plastic QFP (FP-100A) 



Pin Arrangement 



cclllolc >OQcQODC>I §1318 O 1 Q Q S> 

nnnnnnnnnnnnnnnnnnn n 



RT5/A0/XDOT C i 
A1/YL0O 
A2/YL1 C 3 
A3/YL20 
D0/F0O 
01/F1O 
D2/F2C ? 
D3/F30 
GND20 
MAOC io 
MA1C n 
MA2(Z 12 
MA3(Z 13 
MA4C i" 
MA5d '5 
MA6C '6 
MA7d '7 
MA8C is 
MA9C is 
MAIOOo 
MA110 
MA120 
GND3C 23 
MA13(Z 24 
MA140 
MA15 Q 
MCSOH 27 
MCS1 L 28 

mWeO 

V cc 2 C 3° 



uuuuuuuuuuuuuuuuuuuu 

O'-<vi0'Wm<*io^.O — NntmicisO'-in 
QQQQQDQQQQQQQOQODOOQ 



) □ DOTE 
> □PM0D1 
>Z|PM0D0 
' □ LDOTCK 

OCL4 
'□CL3 
' ZlCL2 
OCL1 

i □flm 

1 □ R0/LU0 
1 □R1/LU1 
' □R2/LU2 
s □ R3/LU3 
i □GND6 
i □ G0/LD0 
1 □G1/LD1 
: □G2/LD2 

□ G3/LD3 

• □bo 

•□B1 
-□B2 

□ B3 

<3BD7 

• □BD6 
i □BD5 
i ^604 

□ BD3 

□ BD2 



Ordering Information 
Dot clock 



Type No. 



(MHz) 



Package 



HD66840F 25 MHz 



1 00-pin 

Plastic QFP (FP-100A) 
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Pin Description 

Table 1 describes the pins. 



Table 1 Pin Description 



Symbol 


Pin Number 


Pin Name 


I/O 


Vcc1-Vcc3 


96, 30, 76 


V C c1, V cc 2, V CC 3 




GND1-GND6 


88, 9, 23, 
37, 50, 65 


Ground 1-6 





R, G, B 1 


91, 92, 93 


Red, green, blue serial data 


I 


HSYNC 


89 


Horizontal synchronization 


I 


VSYNC 


90 


Vertical synchronization 


I 


DISPTMG 2 


95 


Display timing 


» 


DOTCLK 


94 


Dot clock 


I 


R0-R3 3 
LU0-LU3 4 


69-66 
69-66 


LCD red data 0-3 
LCD up panel data 0-3 






G0-G3 3 , 5 
LD0-LD3 4 , 5 


64-61 
64-61 


LCD green data 0-3 
LCD down panel data 0-3 






B0-B3 3 , 6 


60-57 


LCD blue data 0-3 





CL1 


72 


LCD data line clock 





CL2 


73 


LCD data shift clock 





CL3 7 


74 


Y-driver shift clock 1 





CL4 7 


75 


Y-driver shift clock 2 





FLM 


71 


First line marker 





M 


70 


LCD driving signal alternation 





LDOTCK 


77 


LCD dot clock 


I 


MCSO, MCS1 8 


27,28 


Memory chip select 0, 1 





MWE 9 


29 


Memory write enable 





MA0-MA15 9 


10-22, 
24-26 


Memory address 0-15 





RD0-RD7 9 


31-36, 
38-39 


Memory red data 0-7 


I/O 


GD0-GD7 9 , 10 


40-47 


Memory green data 0-7 


I/O 


BD0-BD7 9 , 10 


48, 49 
51-56 


Memory blue data 0-7 


I/O 
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Table 1 Pin Description (cont) 



Symbol 


Pin Number 


Pin Name 


I/O 


PMODO, PM0D1 


78, 79 


Program mode 0, 1 




DOTE 


80 


Dot clock edge change 




SPS 


81 


Synchronization polarity select 




DM0-DM3 


82-85 


Display mode 0-3 




CS (MPU programming) 11 
MSO (pin programming) 11 


98 
98 


Chip select 
Memory select 


[ 


WR (MPU programming) 11 , 12 
MS1 (pin programming) 11 


99 
99 


Write 

Memory select 1 


| 


RD (MPU programming) 12 
AO (ROM programming) 

XDOT fnin nrnoramminol 


1 
1 
1 


Read 

Address 
X-dot 





RS (MPU programming) 11 
AD J (pin programming) 11 


100 
100 


Register select 
Adjust 


, 
I 


D0-D3 (MPU programming) 
D0-D3 (ROM programming) 
F0-F3 (pin programming) 


5-8 
5-8 
5-8 


Data 0-3 
Data 0-3 
Fine adjust 0-3 


I/O 


A1-A3 (ROM programming) 13 
YL0-YL2 (pin programming) 13 


2-4 
2-4 


Address 1-3 
Y-line 0-2 





RES 14 


97 


Reset 




CD 


86 


Charge down 





CU 


87 


Charge up 






Notes: 1 . When CRT display data is monochrome, G and B pins should be fixed low. 

2. Fix high or low when regenerating the display timing signal internally. 

3. For 8-color display modes. 

4. For monochrome and 8-level gray scale display modes. 

5. Leave disconnected in 4-bit/single screen data transfer modes. 

6. Leave disconnected in monochrome and 8-level gray scale display modes. 

7. Leave disconnected when controlling TN-type LCD. 

8. Leave disconnected when using no buffer memories. 

9. Leave disconnected when using no buffer memories. 

10. In monochrome display modes, the LVIC writes the OR of R, G, B signals into R-plane 
RAMs. Thus, no RAMs are required for G and B planes in these modes. 

Pull up these pins with 20-kO resistance. If G and B plane RAMs are connected in 
monochrome display modes, the LVIC writes G and B signals into each RAM. However, it 
does not affect the display or the contents of R-plane RAM whether G- and B-plane RAMs 
are connected or not. 

11. Fix h igh or low when controlling the LVIC by ROM programming method. 

1 2. WR and RD must not be low at the same time. 

13. Fix high or low wh en co ntrolling the LVIC by MPU programming method. 

14. Make sure to input RES signal after power-on. 
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Power Supply 

Vccl-Vcc3: Connect V C cl-V C c3 with +5 V. 

GND1-GND6: Ground GND1-GND6. 

CRT Display Interface 

R, G f B: Input CRT display R, G, B signals on 
R, G and B respectively. 

HSYNC: Input the CRT horizontal synchro- 
nization on HSYNC. 

VSYNC: Input the CRT vertical synchroni- 
zation on VSYNC. 

DISPTMG: Input the display timing signal, 
which announces the horizontal or vertical 
display period, on DISPTMG. 

DOTCLK: Input the dot clock for CRT display 
on DOTCLK. 

LCD Interface 



Buffer Memory Interface 



MCSO, MCS1: MCSO and MCS1 output the 
buffer memory chip select signal. 



MWE: MWE outputs the write enable signal 
of buffer memories. 

MA0-MA15: MA0-MA15 output buffer 
memory addresses. 

RD0-RD7: RD0-RD7 transfer data between R 
data buffer memory and the LVIC. 

GD0-GD7: GD0-GD7 transfer data between 
G data buffer memory and the LVIC. 

BD0-BD7: BD0-BD7 transfer data between B 
data buffer memory and the LVIC. 

Mode Setting 

PMODO, PMOD1: The PMOD0-PMOD1 input 
signals select a programming method (table 
6). 



R0-R3: R0-R3 output R data for the LCD. 

LU0-LU3: LU0-LU3 output LCD up panel 
data. 

G0-G3: G0-G3 output G data for the LCD. 

LD0-LD3: LD0-LD3 output LCD down panel 
data. 

B0-B3: B0-B3 output B data for the LCD. 

CL1: CL1 outputs the line select clock for LCD 
data. 

CL2: CL2 outputs the shift clock for LCD 
data. 

CL3: CL3 outputs the line select and shift 
clock when a Y-driver is set on one side of an 
LCD screen (see "LCD System Configura- 
tion"). 

CL4: CL4 outputs the line select and shift 
clock when Y-drivers are set on both sides of 
an LCD screen (see "LCD System Configura- 
tion"). 

FLM: FLM outputs the first line marker for a 
Y-driver. 

M: The M output signal converts the LCD 
drive signal to AC. 

LDOTCK: LDOTCK outputs the LCD dot 
clock. 



DOTE: The DOTE input signal switches the 
timing of the data latch. The LVIC latches R, 
G, B signal at the falling edge of DOTCLK 
when DOTE is high, and at the rising edge 
when low. 

SPS: The SPS input signal selects the polarity 
of VSYNC. (The polarity of HSYNC is fixed.) 
VSYNC is high active when SPS is high, and 
low active when low. 

DM0-DM3: The DM0-DM3 input signals 
select a display mode (table 8). 

MS0-MS1: The MS0-MS1 input signals select 
the kind of buffer memories (table 2). 

XDOT: The XDOT input signal specifies the 
number of horizontal displayed characters. 
The number is 90 when XDOT is high, and 80 
when low. 

YL0-YL2: The YL0-YL2 input signals specify 
the number of vertical displayed lines (table 
3). 

ADJ: The ADJ input signal determines 
whether F0-F3 pins adjust the number of 
vertical displayed lines or the display timing 
signal. F0-F3 pins adjust the display timing 
signal when ADJ is high, and adjust the 
number of vertical displayed lines when low. 

F0-F3: F0-F3 input data for adjusting the, 
number of vertical displayed lines (table 4), or 
the display timing signal (see "Fine 
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Adjustment of Display Timing Signal"). 
MPU Interface 

CS: The MPU selects the LVIC when CS is 
low. 

WR: The MPU inputs the WR write signal to 
write data into internal registe rs of the LVIC. 
The MPU can write data when WR is low and 
cannot write data when high. 

RD: The MPU inputs the RD read signal to 
read data from internal registers of the LVIC. 
The MPU can read data when RD is low and 
cannot read data when high. 

RS: The MPU inputs the RS signal together 
with CS to select internal registers. The MPU 
selects data registers (R0-R15) when RS is 
high and CS is low, and selects the address 
register (AR) when RS is low and CS is low. 



Table 2 Memory Type and MSI, MSO 
Pins 



MSI 


MSO 


Memory Type 








No memory 





1 


8-kbytes memory 


1 





32-kbytes memory 


1 


1 


64-kbytes memory 



Table 3 Number of Vertical Displayed 
Lines and YL0-YL2 Pins 

Number of Vertical Dis- 
YL2 YL1 YLO played Lines 

200 

1 350 



D0-D3: D0-D3 transfer internal register data 
between the MPU and LVIC. 

RES: RES inputs the external reset signal. 

ROM Interface 

A0-A3: A0-A3 output address to address 3 
to an external ROM. 

D0-D3: D0-D3 input data from an external 
ROM to internal registers. 

PLL Circuit Interface 

CD: CD outputs the charge down signal to an 
external charge pump. 

CU: CU outputs the charge up signal to an 
external charge pump. 



Table 4 Fine Adjustment of Vertical 
Displayed Lines 



F3 


F2 


F1 


F0 


Number of Lines 
Adjusted 














± 











1 


+ 1 








1 





+ 2 


1 


1 


1 





+ 14 


1 


1 


1 


1 


+ 15 



1 400 

1 1 480 

1 512 
1 1 540 

I 1 Prohibited 

II 1 
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Registers 

Table 5 lists the internal registers and figure 1 
illustrates the bit assignment to the registers. 



Table 5 Register List 

Address Register Reg. Program Read/ 

CS RS 3 2 1 No. Register Name Unit Write 

1 — — — — — — Invalid — — 

— — — — AR Address register 1 — W 

1 R0 Control register 1 — R/W 

1 1 R1 Control register 2 — R/W 

1 10 R2 Vertical displayed lines register (middle-order) 2 Line R/W 

1 11 R3 Vertical displayed lines register (low-order) 2 Line R/W 

10 10 R4 Vertical displayed lines register (high-order) 2 Line R/W 

CL3 period register (high-order) 3 Char R/W 

1 1 1 R5 CL3 period register (low-order) 3 Char R/W 

10 1 10 R6 Horizontal displayed characters register (high- Char R/W 

order) 4 

1 11 1 R7 Horizontal displayed characters register (low-or- Char R/W 

der) 

1 1 R8 CL3 pulse width register Char R/W 

1 10 1 R9 Fine adjust register 5 Dot R/W 

1 1 1 R10 PLL frequency-dividing ratio register (high-order) 6 — R/W 

1 1 1 1 R1 1 PLL frequency-dividing ratio register (low-order) 6 — R/W 

1 1 10 R12 Vertical backporch register (high-order) 2 , 7 Line R/W 

1 1 1 1 R13 Vertical backporch register (low-order) 2 , 7 Line R/W 

1 11 10 R14 Horizontal backporch register (high-order) 2 , 7 Dot R/W 

1 1 1 1 1 R15 Horizontal backporch register (low-order) 2 , 7 Dot R/W 

Notes: 1 . If you attempt to read data from the register with RS = 0, the bus is driven to high- 
impedance state and the output data is indefinite. 

2. (The specified value - 1 ) should be written into these registers. 

3. Valid only in 8-color display modes with horizontal stripes. 

4. The most significant bit is invalid in dual screen configuration modes. 

5. Valid only when the display timing signal is supplied externally. 

6. Valid only when generating the dot clock. 

7. Valid only when generating the display timing signal internally. 
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Register No. 


Data Bit 


3 


2 


1 





— 




MM 


mm 


llllll 


AR 




Address 


register 




RO 






DSP 


DCK 


R1 


MC 


DON 


MS1 


MSO 


R2 




Vertical ( 


displayed 




R3 


lines r 


jgister 


R4 






R5 


CL3 period register 


R6 


Horizontal displayed 


R7 


1 1 1 

characters register 


R8 


CL3 pulse width register 


R9 


Fine adjust register 


R10 


PLL frequency- 


R11 


1 1 1 

dividing ratio register 


R12 


Vertical Backporch 

: 1 1 1 


R13 


register 


R14 


Horizontal Backporch 


R15 


1 1 1 

register 



Note: indicates invalid bits. Attempting to read data from these register bits 

returns indefinite output data. 



Figure 1 Register Bit Assignment 
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System Configuration 

Figure 2 is the block diagram of a system in 
which the LVIC is used outside of a personal 
computer. 

The LVIC converts the R, G, B serial data sent 
from the personal computer into parallel data 
and writes them into the buffer memories 
once. It reads out the data in turn and out- 
puts them to I*CD drivers to drive an LCD. 
Here the latch clock of the serial data, namely 
the dot clock (DOTCLK) is generated by a PLL 



circuit, using HSYNC as a basic clock. The 
frequency of the dot clock is specified by the 
PLL frequency-dividing ratio register (RIO, 
Rll). 

The user may also configure a system without 
VCO and LPF if supplying the dot clock 
externally and may configure a system with- 
out the MPU if the LVIC is controlled by the 
pin programming method. 



Personal 
computer 



DOTCLK 



R, G, B serial data 



VCO- 
LPF 




MPU 


CU 




CD 







HSYNC 



VSYNC 



VCO = Voltage-controlled oscillator 
LPF = Lowpass filter 



LVIC 



I 



Buffer 
memory 

1. 



► l LCD J 



Simultaneous LCD and CRT display 
is possible 



CRT display 



Figure 2 System Block Diagram (MPU Programming Method, Regenerates DOTCLK) 
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Functional Description 

Programming Method 

The user may select one of two methods to 
control the LVIC functions: by pin program- 
ming method or by internal registers (internal 
register programming method). The internal 
register programming method can be divided 
into the MPU programming method and the 
ROM programming method. The MPU writes 
data into internal registers in the MPU pro- 
gramming method and ROM writes the data 
in the ROM programming method. Table 6 
lists the relation between programming 
method and pins. 



Pin Programming Method: LVIC mode 
setting pins control functions in the pin pro- 
gramming method. 

Internal Register Programming Method: 

In the internal register programming method, 
an MPU or ROM writes data into internal 
registers to control functions. Figure 3 illus- 
trates the connections of MPU or ROM and 
the LVIC. Figure 3 (1) is an example of using 
a 4-bit microprocessor, but since the LVIC's 
MPU bus is compatible with the 4-MHz 80- 
family controller bus, it can also be connected 
directly with the bus of host MPU. 



Table 6 Programming Method Selec- 
tion 

Pins 



PMOD1 PMODO Programming Method 









Pin programming 







1 


Internal register 


With MPU 


1 





Programming 


With ROM 


1 


1 


Prohibited (Note) 





Note: This combination is for a test mode and 
disables display. 



4-bit MPU 



BO B1 B2 B3 A0-A3 

— 





ROM 


D0-D3 


A0-A3 



cs 


RS WR RD D0-D3 




D0-D3 A0-A3 




LVIC 




LVIC 


(1) 


Connection of MPU and LVIC 


(2) Connection of ROM and LVIC 



Figure 3 Connection of MPU or ROM and LVIC 
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Screen Size 

Screen size can be programmed either by 
pins or internal registers. 

In the pin programming method, the user 
may select either 640 dots or 720 dots (80 
characters or 90 characters) as the number of 
horizontal displayed characters with the 
XDOT pin, and 200, 350, 400, 480, 512, or 540 
lines as the number of vertical displayed lines 
with YL2-YL0 pins. The number of vertical 
displayed lines can be adjusted with ADJ and 
F3-F0 pins within +0 to +15 lines. 

In the internal register programming method, 



the user may select any even number from 32 
dots to 4048 dots (= 4 characters up to 506 
characters) with the horizontal displayed 
characters register (R6, R7), and any even 
number from 4 lines up to 1028 lines with the 
vertical displayed lines register (R2, R3 and 
the high-order two bits of R4). However, odd 
number of lines can also be selected when 
screen configuration is single and a Y-driver 
(scan driver) is set on one side of an LCD 
screen. 

Figure 4 illustrates the relation between an 
LCD screen and pins and internal registers 
controlling screen size. 



Number of horizontal displayed characters 






Pin: XDOT 






Register: Horizontal displayed characters 






register (R6, R7) 








\ 

Number of vertical displayed lines 




Pin: YL2-YL0, ADJ, F3-F0 


LCD screen 


Register: Vertical displayd lines 






register (R2, R3, high- 






order 2 bits of R4) 



Figure 4 Relation between LCD Screen and Pins and Internal Registers 
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Memory Selection 

The user may select 8-, 32-, or 64-kbyte 
SRAMs as buffer memory for the LVIC. Since 
the LVIC has a chip selector for these mem- 
ories, no external decoder is required. The 
user selects the memory with pins MSI and 
MSO or with data bits MSI and MSO of the 
control register 2 (Rl). Table 7 lists the kinds 
of memories and pin address assignments. 

Memory capacity required depends on screen 
size and can be obtained with the following 
expression: 

Memory capacity (bytes) = Nhd x Nvd 
Nhd: number of horizontal displayed char- 
acters 



Nvd: number of vertical displayed lines 

For example, a screen of 640 x 200 dots 
requires 16-kbyte memory capacity since 80 
characters x 200 lines is 16 kbytes. (8 dots 
compose a character.) Therefore, each plane 
needs two HM6264s, which have 8-kbyte 
memory capacit y, in 8-l evel gray scale display 
modes. Connect MCS0 with on e of the mem- 
ories of each plane and MCS1 with the other 
(figure 5 (a)). 

When the screen size is 640 x 400 dots, 32- 
kbyte memory capacity is required (figure 5 
(b)). Therefore, each plane needs a HM62256, 
which have 32-kbyte memory capacity. 



Connect MCS0 with CS of the memories here. 



Table 7 Memories and Pin Address Assignment 




Pins or Bits 

MSI MSO Memory Address Output Pins 


Chip Select Pins 


Address Assignment 


No memory 1 — 






1 8-kbytes MA0-MA12 


MCS0 


$0000-$1 FFF 




MCST 


$2000-$3FFF 




MA13 


$4000-$5FFF 




MA14 


$6000-$7FFF 




MA15 


$8000-$9FFF 


1 32-kbytes MA0-MA14 


MCS0 


$00000-$07FFF 




MCS1 


$08000-$0FFFF 




MA15 


$10000-$17FFF 


1 1 64-kbytes MA0-MA15 


MCS0 


$00000-$0FFFF 




MCS1 


$10000-$1FFFF 



Note: 1 . There are some limitations when the user uses no memory. Refer to "User Precautions." 
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Ex. 640x200 dot 



Ex. 640x400dot 



MCS0- 



MCS1 



cs HM6264 B 



CS HM6264G 



CS R 
HM6264 



CS 



HM6264 



(a) 1 6-kbytes Memory system 




C^HM62256 B 



CS HM62256 G 



CS R 
HM62256 



(b) 32-kbytes Memory system 



Figure 5 Relation between Display Screen Memories 
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Display Modes 

The LVIC supports 16 display modes, depen- 
ding on the state of the DM3 -DMO pins. The 
display mode consists of display color, type of 



LCD data output, how to set LCD drivers 
around an LCD screen, how to arrange color 
data ( = type of stripes), and how to output M 
signal (= type of alternating signal). Table 8 
lists display modes. 



Table 8 Modes List 



LCD Data Output 



Mode 






Pins 




Display Data 


Screen LCD Driver Setting 




No. 


DM3 DM2 DM1 


DMO Color Transfer 


Config. X- Driver 2 


Y-Driver 3 


Stripe 4 Alternating 


1 














Monochrome 4-bits 


Dual One side 


One side 


— Per frame 


2 











1 




Single 






3 1 








1 









Both sides 




4 








1 


1 


8-bits 




One side 




5 1 





1 












Both sides 




6 





1 





1 


8-level 4-bits 


Dual 


One side 




7 





1 


1 





gray scale 


Single 






8 





1 


1 


1 


8-bits 








9 1 













8-color 1 2-bits 






Vertical Per line 


10 1 










1 


(4 bits 




Both sides 




11 1 







1 





for R,G,B 


Both sides 


One side 




12 1 







1 


1 


each) 




Both sides 




13 1 




1 










One side 


One side 


Horizontal 


14 1 




1 





1 






Both sides 




15 1 




1 


1 







Both sides 


One side 




161 




1 


1 


1 






Both sides 





Notes: 1 . For TFT-type LCD 

2 . Data output driver 

3. Scan driver 

4. Refer to "Display Color, 8-Color Display" 
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Display Color 

The LVIC converts R, G, B, the color data for 
CRT display, into the monochrome, 8-level 
gray scale, or 8-color display data. 

Monochrome Display (Mode 1 to Mode 5): 

In monochrome modes 1-5, the LVIC displays 
two colors, namely black (= display on) and 
white (= display off). As shown in table 9, the 
OR of CRT display R, G, B data determines the 
display color. 

8-Level Gray Scale Display (Mode 6 to 
Mode 8): In 8-level gray scale modes 6-8, the 
LVIC thins out data on certain lines to display 
an 8-level gray scale according to CRT display 



color (luminosity). Table 10 shows the relation 
between CRT display color (luminosity) and 
LCD color (contrast). 

8-Color Display (Mode 9 to Mode 16): In 8- 

color modes 9-16, the LVIC displays 8 colors 
with red (R), green (G), and blue (B) filters on 
liquid crystal cells. The eight colors are the 
same as those provided by CRT display. As 
illustrated in figure 5, 8-color display has of 
two stripe modes: horizontal stripe mode and 
vertical stripe mode. In the former mode, the 
LVIC arranges R, G, B data horizontally, with 
horizontal filters. In the latter mode, the LVIC 
arranges R, G, B data vertically, with vertical 
filters. Three cells express a dot in both 
modes. 



Table 9 Monochrome Display 
CRT Display Data 



1 



G 



1 



B 



1 



CRT Display Color 



White 



Yellow 



Cyan 



Green 



Magenta 



Red 



Blue 



Black 



On/Off 



On 



On 
On 



On 
On 
On 
On 
Off 



LCD 



Color 



Black 



Black 



Black 



Black 



Black 



Black 



Black 



White 




Table 10 8-Level Gray Scale Display 



CRT Display Data 



CRT 



R 


G 


B 


Color 


1 


1 


1 


White 


1 


1 





Yellow 





1 


1 


Cyan 





1 





Green 


1 





1 


Magenta 


1 








Red 








1 


Blue 











Black 



Luminosity Color 



High 



Black 



Low 



White 



LCD 



Contrast 



Strong 



Weak 
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1 dot 



7 



X-driver 



R 


R 


R 




G 


G 


G 




Bi 


r B\ 







R filter 



G filter 



B filter 



1 dot 



X-driver 



• B filter 

• G filter 
■ R filter 



Horizontal Stripe 



Vertical Stripe 



Figure 6 Stripe Modes in 8-Color Display 
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LCD System Configuration 

The LVIC supports the following system con- 
figurations for LCD: 

• Types of LCD data output: 

—Data transfer: 4-bit, 8-bit, or 12-bits (4 

bits for R, G, B each) 
— Screen configuration: Single or dual 



• How to set LCD drivers around LCD 
screen: 

— X-driver: On one side or on both sides 
— Y-driver: On one side or on both sides 

Figure 7 illustrates these system configura- 
tions by mode. 



Data 



4-bit 



4-, 8-, 1 2-bit 

Data + J X-driver 





















— L 


CD 


up i 


jane 


i -* 






-; -i-l-b:: 






LC 


:D( 


owr 


i pa 


nel 





































































LC 


3 sc 


reer 












, — 





































Data 



y. — 

4-bit 



Down panel X-driver 



System Configuration for Mode 1 and Mode 6 (4- 
Bits Data Transfer, Dual Screen, X-Driver and Y- 
Driver on One Side Each) (Note) 



System Configuration for Modes 2, 4, 7, 8, 9, and 
13 (4-, 8-, or 12-Bits Data Transfer, Single Screen, 
X-Driver and Y-Driver on One Side Each) 



Data 



— 


X-driver 
















[ Left Y-driver 




















































LCC 


) scr 


een 







































Data 



12-bit 
—/ 



Up X-driver 



Data 



1 2-bit 

































































L 


CD 


screer 


i 

































































Down X-driver 



System Configuration for Modes 3, 5, 10, and 14 
(4-, 8-, or 12-Bits Data Transfer, Single Screen, X- 
Driver on One Side and Y-Driver on Both Sides) 



System Configuration for Mode 1 1 and Mode 1 5 
(12-Bits Data Transfer, Single Screen, X-Driver on 
Both Sides and Y-Driver on One Side) 



Note: Although there are two X-drivers, the X-driver is considered to be set on one 
side, not on both sides, because the LCD up panel and down panel are each 
regarded as one screen. 



Figure 7 System Configurations by Mode 
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Calculation of LDOTCK 

LDOTCK frequency fi is calculated from the 
following expression: 

f L = (Nhd + 6) x 8 x Nvd x f F 

Nhd: number of horizontal characters dis- 
played on LCD 

Nvd: number of virtical displayed lines on 
LCD 



f F : FLM frequency 

Here fL must hold the following relation, 
where fD is frequency of dot clock for CRT 
display (= DOTCLK). 

f L < f d x 15/16 or 

fL = fD (The LDOTCK phase must be inverse 
of the DOTCLK phase in this case) 
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Up X-driver 
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Data /- *4 Down X-driver I 

12-bit 1 1 

System Configuration for Mode 12 and Mode 16 
(12-Bit Data Transfer, Single Screen, X-Driver 
and Y-Driver on Both Sides Each) 

Notes: 1 . X-drivers on both sides: Data output wires run from up and down X-drivers 
alternately, which widens the interval between wires to twice that for an X-driver an 
one side (figure 8) . 

2. Y-drivers on both sides: Line select signal output wires run from right and left Y- 
drivers alternately, which widens the interval between wires to twice that for Y- 
driver on one side (figure 9). 

Figure 7 System Configurations by Mode (cont) 
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Down X-driver 



Figure 8 X-Drivers on Both Sides Figure 9 Y-Drivers on Both Sides 
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Display Timing Signal Generation 

CRT display data is classified into display 
period data and retrace period data. Only 
display period data is necessary for LCD. 
Therefore, the LVIC needs a signal announc- 
ing whether the CRT display data transferred 
is for the display period or not. This signal is 
the display timing signal. 



The LVIC can generate the display timing 
signal from HSYNC and VSYNC. Figure 10 
illustrates the relation between HSYNC, V- 
SYNC, the display timing signal (DISPTMG), 
and display data. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal back- 
porch register (R14, R15) respectively. 



VSYNC P| 

H— H 

Y lines (= Vertical backporch) 

hsync n n n 

X dots (= Horizontal backporch) 



DISPTMG 




1 




- *i 


Display period 

(= No. of horizontal 

displayed characters) 


Retrace period 



Display " 
data 



- 2)C .^C ; ]X. I)C . 




Figure 10 Relation between HSYNC, VSYNC, DISPTMG, and Display Data 
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Dot Clock Generation 

The dot clock, which is a data latch clock, is 
not a standard video signal and does not 
appear from the CRT display plug. Thus it is 
necessary to generate the dot clock. The 
LVIC has a programmable counter and a 
phase comparator which are parts of a PLL 
circuit, and can generate the dot clock from 
HSYNC if a charge pump, a lowpass filter 
(LPF), and a voltage-controlled oscillator 
(VCO) are externally attached. 

Figure 11 is a block diagram of a PLL circuit. A 
PLL (phase-locked loop) circuit is a feedback 
controller regenerating a clock whose fre- 
quency and phase are the same as those of a 
basic clock. The basic clock is HSYNC here. 

At power-on, VCO outputs to the program- 
mable counter a signal whose frequency 
depends on the voltage at the time. The 



counter divides the frequency of the signal 
according to the value in the PLL frequency- 
dividing ratio register (RIO, Rll) and outputs 
it to the phase comparator. This is the 
frequency-divided clock. 

The comparator compares the edges of the 
clock and HSYNC and outputs CU or CD 
signal to the charge pump and LPF according 
to the result. The comparator outputs CU 
when the frequency of the clock is lower than 
that of HSYNC or when the phase of the clock 
is behind that of HSYNC, while it outputs CD 
in the contrary case. The charge pump and 
LPF apply voltage to the VCO according to 
CU or CD signal. 

This operation is repeated until the phase 
and the frequency of the frequency-divided 
clock coincide with those of HSYNC, making 
it a stable dot clock. 



' HSYNC 



Inside LVIC 



Written value in 

PLL frequency-dividing ratio | 

register (R 10, R1 1) 



Timing clock generator 



Phase 
comparator 



Frequency- 
divided clock 



Programmable 
counter 



DOTCLK 



CU 



CD 



Charge pump 
LPF 



VCO 



Figure 11 PLL Circuit Block Diagram 
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Doubled-in-Height Display 

Doubled-in-height display doubles characters 
and pictures in height as illustrated in figure 
12. 

In TN-type LCD modes (= modes 1, 2, 4, 6, 7, 
and 8), CL3 frequency is twice as high as CL1 
frequency (figure 13). As a result, using CL3 
instead of CL1 as a shift clock (figure 14) 
enables two lines to be selected while an X- 
driver (data output driver) is outputting the 
same data, realizing doubled-in height dis- 



play. However, the following procedures are 
necessary in this display since multiplexing 
duty ratio becomes twice as great as the 
value specified as the number of vertical 
displayed lines. 

1. Halve the frequency of the LCD dot 
clock (= LDOTCK) 

2. Halve the number of vertical displayed 
lines 

This function is provided only for TN-type 
LCD. 





— 






• 

•••••• 

Normal display 




■if** 

• # # 

• • 

• • 

• • 

•••••• 

• • 

• • 

• • 

• • 

• • 

• • 

Doubled-in-height display 



Figure 12 Doubled-in-Height Display Example 
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Figure 13 Relation between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8 
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Figure 14 Connection for Doubled-in-Height Display 
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Display Timing Signal Fine Adjusment 

When the display timing signal is supplied 
externally, a phase shift might appear 
between CRT data and the display timing 
signal. This is because each signal has its own 
peculiar lag. The LVIC can adjust the display 
timing signal with the F0-F3 pins or the fine 
adjust register (R9) to correct this phase shift. 

Table 11 shows the relation between F3-F0 
pins, data bit 3 to data bit of the fine adjust 
register, and fine adjustment. Concerning the 
polarity of the number of dots adjusted, - 
indicates advancing the phase of the display 
timing signal and + indicates delaying it. F3 



pin or data bit 3 of R9 selects the polarity. The 
adjustment reference point is the display 
start position. 

Figure 15 shows examples of adjusting the 
display timing signal. Since the signal is two 
dots ahead of the display start position in 
case (1), (F3, F2, Fl, FO) or (data bits 3, 2, 1, of 
R9) should be set to (1, 0, 1, 0) to delay the 
signal for two dots. Since the signal is two 
dots behind the display start position in case 
(2), they should be set to (0, 0, 1, 0) to advance 
the signal for two dots. When there is no need 
to adjust the signal, settings of either (0, 0, 0, 
0) or (1, 0, 0, 0) will do. 



Table 11 Pins, Data Bits of R9, and Fine 
Adjustment 

Pin: F3 F2 F1 F0 Number of Dots 

R9Bit: 3 2 1 Adjusted 



1 - 1 

1 1 - 6 

1 1 1 - 7 

1 

1 + 1 

1 1 +6 

1 1 1 +7 

Note: When adjusting the display timing signal 
with pins, set ADJ pin to 1 . 
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CRT data 



i two dots advanced 
I 



DISPTMG 

before adjustment 

Display Timing Adjust 
(F3, F2, F1,F0,)/ 
(Data bits 3, 2, 1, of R9) 
« (1.0, 1,0) 




■ Display start position 



DISPTMG 

after adjustment 



(1) Delaying DISPTMG 



Display start position 



I 


CRT data 


X 


X 


X 


X x x x x 










| two dots delayed [ 


DISPTMG 










before adjustment 








I ^^^Display Timing Adjust 
| (F3, F2, F1,F0)/ 
I (Data bits 3, 2, 1 , of R9) 
=(0,0,1,0) 


DISPTMG 











after adjustment 



(2) Advancing DISPTMG 



Figure 15 Adjustment of Display Timing Signal 
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Internal Registers 

The LVIC has an address register ( AR) and 
sixteen data registers (R0-R15). In order to 
specify one of the sixteen data registers, 
write its register address into the address 
register. The MPU transfers data to the data 
register corresponding to the written 
address. 

All the registers are valid only when the LVIC 
is controlled by the internal register pro- 
gramming method and are invalid (don't 
care) when by the pin programming method. 

Address Register (AR) 

The address register (figure 16) is composed 
of four bits and specifies one data register out 
of sixteen. This register is selected by the 
MPU when RS pin is low and specifies any 
data register with the register address writ- 
ten by the MPU. 



Control Register 1 (RO) 

Control register 1 (figure 17) is composed of 
four bits, including two invalid bits. Each of 
two valid bits has its own function. Reading 
from and writing into invalid bits are possible. 
However, these operations do not affect the 
LSI function. 

• DSP Bit 

— DSP = 1: LVIC generates the display 

timing signal 
— DSP = 0: LVIC does not generate the 

display timing signal 

(If DCK = 1, the display timing signal is 

generated in spite that DSP = 0) 

• DCK Bit 

—DCK =. 1: LVIC generates the dot clock 
—DCK = 0: LVIC does not generate the 
dot clock 



/ , ■ , , \ 



Data Bit 


3 | 2 | 1 | 


Value 


Register address 



Figure 16 Address Register 



RO 



Data Bit 


3 


2 


1 





Function 


^^^^ 


wd 


DSP 


DCK 



Figure 17 Control Register 1 
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Control Register 2 (RO) 

Control register 2 (figure 18) is composed of 
four bits and has three functions. 

e MC Bit 

— MC = 1: M signal alternates per line 
— MC = 0: M signal alternates per frame 

• DON Bit 

—DON = 1: Display on 
—DON = 0: Display off 

• MSI and MSO Bits 

— Select the memory type (table 12) 

Vertical Displayed Lines Register (R2, 
R3, High-Order 2 Bits of R4), CL3 Period 
Register (Low-order 2 Bits of R4, R5) 

The vertical displayed lines register (figure 
19) is composed of ten bits (R2 + R3 + high- 



order two bits of R4) and specifies the num- 
ber of vertical displayed lines. This register 
can specify both even and odd numbers in 
modes for a Y-driver on one side and single 
screen configuration, but even numbers only 
in the other modes. The value to be written 
into this register is (Nvd - 1), where Nvd = 
number of vertical displayed lines. 

The CL3 period register is composed of six 
bits (low-order two bits of R4 + R5) and 
specifies the period of CL3 in 8-color display 
modes with horizontal stripes. Thus this reg- 
ister is invalid in the other modes. CL3 is a 
clock for the L VIC to output R, G, B data 
separately to LCD drivers. The value to be 
written into this register is (Nhd + 6) x 1/3 - 
1, where Nhd = number of horizontal dis- 
played characters. When (Nhd -I- 6) is not 
divisible by 3, the quotient should be rounded 
up or rounded down. 



Table 12 Memory Type and MSI, MSO 



MS1 


MSO 


Memory Type 








No memory 





1 


8-kbytes 


1 





32-kbytes 


1 


1 


64-kbytes 



R1 



Data Bit 


3 


2 


1 





Function 


MC 


DON 


MS1 


MSO 



Figure 18 Control Register 2 



R4 



R2 



R3 



R4 



R5 



AA 



2s£ 



Data Bit 



1 



Value 



Nvd - 1 (Unit: Lines) 



(Nhd + 6) x 1/3 -1 
(Unit: Characters) 



Vertical Displayed Lines Register 



CL3 Period Register 



Figure 19 Vertical Displayed Lines Register and CL3 Period Register 
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Horizontal Displayed Characters Regis- 
ter (R6, R7) 

The horizontal displayed characters register 
(figure 20) is composed of eight bits (R6 + R7) 
and specifies the number of horizontal dis- 
played characters. This register can specify 
even numbers only. The most significant bit 
of R6 is invalid in the modes for dual screen 
configuration. When writing into this regis- 
ter, shift (Nhd — 1) in the low-order direction 
for one bit to cut off the least significant bit. 
Figure 20 shows how to write a value into the 
register when Nhd = 90. 



CL3 Pulse Width Register (R8) 

The CL3 period register (figure 22) is com- 
posed of four bits and specifies the high-level 
pulse width of CL3. When controlling TFT- 
type LCDs, each gate of the LCD has to hold 
data from the time a Y-driver outputs the line 
select and shift signal to the time an X-driver 
the outputs next display data. Data must be 
held while CL3 is high. However, even when 
the LVIC is not controlling TFT-type LCDs, 
CL3 appears with the high-level pulse width 
specified by this register. 



R6 



R7 



Data Bit 


3 | 2 | 1 | I 3 | 2 | 1 | 


Value 





Nhd - 1 without its least significant bit (Unit: Characters) 



Figure 20 Horizontal Displayed Characters Register 
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Figure 21 How to Write The Number of Horizontal Displayed Characters 



R8 



Data Bit 


3 | 2 | 1 | 


Value 





— TN-type LCD modes: Npw 

TFT-type LCD modes: Npw - 5 (Unit: Characters) 
Npw = number of horizontal characters while CL3 is high 



Figure 22 CL3 Pulse Width Register 
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Fine Adjust Register (R9) 

The fine adjust register (figure 23) is com- 
posed of four bits and adjusts the externally 
supplied display timing signal to synchronize 
its phase with that of LCD data. The value to 
be written into this register is determined by 
the interval between the positive edge of the 
display timing signal and the display start 
position. For more details, refer to "Display 
Timing Signal Fine Adjustment." This register 
is invalid when the display timing signal is 
generated internally. 

PLL Frequency-Dividing Ratio Register 
(RIO, Rll) 

The PLL frequency-dividing ratio register 
(figure 24) is composed of eight bits (RIO + 



Rll) and specifies the PLL frequency-dividing 
ratio for generating a dot clock by a PLL 
circuit. The value to be written into this reg- 
ister is determined by the ratio of the fre- 
quency of HSYNC to that of the dot clock 
which the user wants. This register is invalid 
when the dot clock is supplied externally and 
is valid only when the LVIC is controlled by 
the internal register programming method 
and the DCK bit of control register 1 (RO) is 1. 
The written value in this register (Npll) is 
obtained with the following expression: 

Npll =Ncht x 8 - 731 

Ncht: total number of characters for CRT 

Ncht can be obtained as follows from the 

specifications of a CRT monitor: 

Ncht = 1/8 x (DOTCLK frequency)/ 

(HSYNC frequency) 



R9 



Data Bit 


3 


2 | 1 | 


Value 







Absolute value of Nda (Unit: Dots) 

f 0: + (Advance the display timing signal) 
1 1 : - (Delay the display timing signal) 
Nda = number of dots adjusted 



Selects polarity 



Figure 23 Fine Adjust Register 
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Figure 24 PLL Frequency-Dividing Ratio Register 
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Vertical Backporch Register (R12, R13) 

The vertical backporch register (figure 25) is 
composed of eight bits (R12 + R13) and spec- 
ifies the vertical backporch. The vertical 
backporch is the number of lines between the 
positive edge of VSYNC and that of the dis- 
play timing signal (DISPTMG). For more 
details, refer to "Display Timing Signal Gen- 
eration." This register is invalid when the 
display timing signal is supplied externally 
and is valid only in a system which controls 
the LVIC by the internal register program- 
ming method and where the DSP bit of con- 
trol register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be regenerated and the register is 
enabled even when DSP = 0.) 



Horizontal Backporch Register (R14, R15) 

The horizontal backporch register (figure 26) 
is composed of eight bits (R14 + R15) and 
specifies the horizontal backporch. The hori- 
zontal backporch is the number of characters 
between the positive edge of HSYNC and 
that of the display timing signal (DISPTMG). 
For more details, refer to "Display Timing 
Signal Generation". This register is invalid 
when the display timing signal is supplied 
externally ancl is valid only in a system which 
controls the LVIC by the internal register 
programming method and where the DSP bit 
of control register 1 (RO) is 1. (If the DCK bit of 
control register 1 (RO) is 1, DISPTMG will 
always be generated and this register is 
enabled even when DSP = 0.) 



R12 



V 



R13 



Data Bit 


3 | 2 | 1 | 


3 I 2 I 1 I 


Value 





1 — Ncvbp - 1 (Unit: Lines) 

Ncvbp = number of lines between the positive edge of VSYNC and 
that of DISPTMG 



Figure 25 Vertical Backporch Register 



R14 



R15 



Data Bit 


3 | 2 | 1 | J 3 | 2 | 1 | 


Value 





Nchbp x 8 - 1 (Unit: Dots) 

Nchbp = number of characters between the positive edge of HSYNC and 
that of DISPTMG 



Figure 26 Horizontal Backporch Register 
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Reset 

RES pin resets and starts the LVIC. Make sure 
to hold the reset signal low for at least 1 ^s 
after power-on. 

Reset is defined as shown in figure 27. 

State of Pins During Reset 

RES basically does not control output pins 
and operates regardless of the other input 
pins. Output pins can be classified into the 
following five groups depending on their re- 
set state. 

1. Keeps state before reset: CL2 

2. Driven to high-impedance state (fixed 
low when using no memory): RD0-RD7, 
GD0-GD7, BD0-BD 7 

3. Fixed high: MWE, CL4, M, CD, MCS1 



4. Fixed low: MA0-MA12, R0-R3, G0-G3, B0- 
B3, CS, CL1, CL3, FLM, A0-A3, CU 

5. Fixed high or low depending on the 
memo ry in use (table 13): MA13-MA15, 
MCSO 

State of Registers During Reset 

RES pin does not affect register contents. 
Therefore, registers can be both read and 
written by the MPU even during reset. Reg- 
isters keep the contents they had before reset 
until they are rewritten. 

Memory Clear Function 

After reset, the LVIC writes in the memory 
area specified by MSELO and MSEL1 (table 7) 
regardless of R, G, B data. 



Table 13 Memory Type and State of Pins During Reset 






Kind of Memories 


MAI 3 


MA14 


MAI 5 


MCSO 


No memory 


Low 


Low 


High 


High 


8-kbyte memory 


High 


High 


High 


Low 


32-kbyte memory 


Low 


Low 


High 


Low 


64-kbyte memory 


Low 


Low 


Low 


Low 







^8V> 




^8V 




At reset 


During reset 


After reset 



(Reset state) 



Figure 27 Reset Definition 
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User Precautions 

1. There are the following limitations when 
the user uses no memory (MSELO = 0, 
MSEL1 = 1). 

• The display modes for dual screen 
configuration ( = mode 1 and mode 6) 
are disabled. 

• The LVIC cannot support the LCD 
systems with Y-drivers on both sides. 
Even if the user selects the mode for a 
system with Y-drivers on both sides 
(= mode 3, 5, 10, 12, 14, or 16), the 
operation of the LVIC is exactly the 
same as that in the mode for the sys- 
tem with a Y-driver on one side ( = 
mode 2, 4, 9, 11, 13, or 15). 



2. The LVIC might operate irregularly until 
the internal registers have been written 
after reset in the system which controls 
the LVIC by internal register program- 
ming method. 

3. Memory clear function might not work 
normally at power-on or after reset if 
MSELO and MSEL1 are not properly set to 
the value corresponding to the memories 
in use. 

4. Since the LVIC is a CMOS LSI, input pins 
must not be left disconnected. Refer to 
table 1 concerning how to deal with each 
pin. 



Leave CL4 terminal disconnected in this 
case. 



Programming 

The values written in internal registers have table are defined as shown in table 15 and 
the limits listed in table 14. The symbols in the figure 27. 



Table 14 Limit on Values Written in Registers 



Function 


Limit 


Notes 


Applicable Registers 


Screen 


4 ^ Nvd ^ (Ncvbp + Ncvsp) - 1 £ 1024 




R2, R3, R4, R6, R7 


Configuration 


4 s£ Nhd 5* (Nchbp x 1/n + Nchsp) - 1 ^ 506 


1, 8 






(Nhd + 6) x n x Nvd xf F £ f D £ 30 MHz 


2, 8 


R2, R3, R4, R6, R7 


CL3 Control 


1 =s Npw £ (Nhd + 6) x 1/2 -1 


3 


R4, R5, R6, R7, R8 




1 £ Npw Nhd 


4 






1 £ Npw £ Npc - 1 


5 




DISPTMG 


1 ^ Nchbp ^256 


6 


R12, R13, R14, R15 


Regeneration 


1 ^ Ncvbp £ 256 


6 




Without 


4 ^ Nhd ^ Nchsp - 4 


7 


R2, R3, R4, R6, R7 


Buffer Memory 


4 ^ Nvd ^ Ncvsp - 4 


7 





Notes: 1 . Nhd £ 256 in dual screen configuration (= mode 1 and mode 6) 

2. ff. FLM frequency, fo: frequency of CRT dot clock, fi_: frequency of LCD dot clock for LCD 

f L < fD x 15/16, or f L = f D 

3. In modes 1 , 2, 4, 6, 7, and 8 

4. In modes 3, 5, 9, 10, 11, and 12 (Npw = (value in R8) + 5) 

5. In modes 13, 14, 15, and 16 (Npw = (value in R8) + 5) 

6. Value in R14, R15 £ (Nchsp x n + Nchbp) - Nhd x n - 2 
Value in R12, R13 ? (Ncvsp + Ncvbp) - Nvd - 2 

7. Nht = Nchsp + Nchbp x 1/n, Nd = Ncvbp + Ncvsp 
(Nht = Nhd + 6, Nd = Nvd when using buffer memory) 

8. n: Horizontal character pitch (the number of horizontal dots in one character). 
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Table 15 Symbol Definition 



Qyiiiuvi 


t/ai inraoii 


Nchd 


Number of horizontal displayed characters on CRT display 


Nchsp 


Number of characters between the positive edge of DISPTMG and that of HSYNC (= Horizon- 




Idl oylils (JUolllUII/ 




iNuiiiucr ui uuio uciwccii nic puoiiivc cuyc ui noiixu diiu 11 id i ui L/ior i ivivj \ — noriicuriLai 




backporch) 


Ncvbp 


Number of lines between the negative edge (positive edge when VSYNC is high in active state) 




of VSYNC and the first positive edge of DISPTMG (= vertical backporch) 


Ncvsp 


Number of lines between the first positive edge of DISPTMG and the next negative edge of 




VSYNC (= vertical sync position) 


Ncvd 


Number of vertical displayed lines on CRT display 


Nhd 


Number of horizontal displayed characters (on LCD) 


Npc 


Number of characters during CL3 period (= CL3 pulse cycle) 


Npw 


> Number of characters while CL3 is high ( = CL3 pulse width) 


Nht 


Total number of horizontal characters 


Nvd 


Number of vertical displayed lines (on LCD) 
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DOTCLK 



u~LrLrL.____ri_n____rL _tu~l 



HSYNG 



-Nchd- 



-Nchsp- 



-Nchbp- 



VSYNC 



~L 



■fUUUl JUWL 



-Ncvbp- 



-Ncvsp- 



CL2 



lUUl. 



.i~L 



_n_n_ 



CL1 



CL3 



FLM 



-Npw- 



-Npc- 



1 

—TLTLTL. 



-Nvd- 



.n 



j i 

rum 



Figure 28 Symbol Definition 
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Absolute Maximum Ratings 



Item 


Symbol 


Ratings 


Unit 


Power supply voltage 


Vcc 


- 0.3 to + 7.0 


V 


Input voltage 


V in 


- 0.3 to Vcc + 0.3 


V 


Operating temperature 


T"opr 


- 20 to + 75 


°c 


Storage temperature 


Tstg 


- 55 to + 125 


°c 



Notes: 1. Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation 
should be under recommended operating conditions (Vcc =5.0 V ± 10 %, GND = V, Ta 
= -20°C to + 75°C). If these conditions are exceeded, it could affect reliability of the LSI. 
2. All voltages are referenced to GND = V. 



Electrical Characteristics 



DC Characteristics 1 (Vcc = 5.0 V ± 10 %, GND = V, Ta = - 20°C to 4- 75°C, unless otherwise 
noted) 



Item 




Symbol 


Min 


Max 


Unit 


Test Conditions 


Input high voltage 


RES 

TTL interface 1 
TTL interface 4 
CMOS interface 1 


V, H 


V CC - 0.5 

2.0 

2.2 

0.7 Vcc 


Vcc + 0.3 
V cc + 0.3 
Vcc + 0.3 
Vcc + 0.3 


V 




Input low voltage 


TTL interface 1 , RES \V 
TTL interface 5 
CMOS interface 1 


-0.3 
-0.3 
-0.3 


0.8 
0.6 

0.3 Vcc 


V 




Output high voltage 


TTL interface 2 
CMOS interface 2 


V 0H 


2.4 

Vcc - 0.8 




V 


Ioh = -200 //A 
Ioh = -200 M 


Output low voltage 


TTL interface 2 
CMOS interface 2 


Vol 




0.4 
0.8 


V 


Iol = 1 .6 mA 
Iol = 200 //A 


Input leakage current 


All inputs except 
I/O common pins 3 


Iil 


-2.5 


2.5 


*A 




Three state (off-state) 
leakage current 


I/O common pins 3 


Itsl 


-10.0 


10.0 


,uA 




Current consumption 




Ice 




250 


mA 


fDOTCLK — 25 MHz 
Output pins left 
disconnected 



TTL interface inputs^, G, B, JHSYNC, VSYNC, DISPTMG, RD0-RD7, GD0-GD7, BDO- 
BD7, D0-D3, AO/RD/XDOT, RS/ADJ, CS/MSO 

CMOS interface inputs: DM0-DM3, DOTE, PMODO, PMOD1 , A1 /YL0-A2/YL2 
TTL interface outputs: A 0/RD/XDOT # A 1 /YL0 -A3/YL2 , D0-D3, RD0-RD7, GD0-GD7, 
BD0-BD7, MA0-MA15, MCSOJvlCSI , MWE 

CMOS interface outputs: CU, CD, R0/LU0-R3/LU3, G0/LD0-G3/LD3, B0-B3, M, FLM, 
CL1 , CL2, CL3, CL4 

I/O common pins: AO/RD/XDOT, A1/YL0-A3/YL2, D0-D3, RD0-RD7, GD0-GD7, BDO- 

BD7 

Inputs except I/O common pins: HSYNC, VSYNC, PMODO, PM0D1 , RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DM0-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 
TTL interface: WR/MS1 , LDOTCK, DOTCLK 
TTL interface: WR/MS1 
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DC Characteristics 2 (Vcc = 5.0 V ± 5 %, GND = V, Ta = - 20°C to + 75'C, unless otherwise 
noted) 



Item 




Symbol 


Min 


Max 


Unit 


Test Conditions 


Input high voltage 


RES 

TTL interface 1 , RES 
CMOS interface 1 


V,H 


V CC ~ 0.5 
2.0 

0.7 Vcc 


V cc + 0.3 
V C c + 0.3 
Vcc + 0.3 


V 




Input low voltage 


TTL interface 1 
CMOS interface 1 


V, L 


-0.3 
-0.3 


0.8 

0.3 V CC 


V 




Output high voltage 


TTL interface 2 
CMOS interface 2 


VOH 


2.4 

Vcc - 0.8 




V 


Ioh = -200 M 
Ioh = -200 ,uA 


Output low voltage 


TTL interface 2 
CMOS interface 2 


Vol 




0.4 
0.8 


V 


Iol ~ 1 -6 mA 
Iol = 200 fjtk 


Input leakage current 


All inputs except 
I/O common pins 3 


Iil 


-2.5 


2.5 


M 




Three state (off-state) 
leakage current 


I/O common pins 3 


hsL 


-10.0 


10.0 


M 




Current consumption 




•cc 




250 


mA 


fDOTCLK = 30 MHz 

Output pins left 
disconnected 



Notes: 1 . TTL interface inputs: R, G, B, HSYNC^VSYNC, DISPTMG, DOTCLK, LDOTCK, RD0-RD7, 
GD0-GD7, BD0-BD7, D0-D3, AO/RD/XDOT, RS/ADJ, CS/MSO, WR/MS1 
CMOS interface inputs: DM(M)M3, DOTE, PMODO, PMOD1 , A1/YL0-A2/YL2 

2. TTL interface outputs: A O/RD/ X DOT, A 1/YL0 -A3/YL2, D0-D3, RD0-RD7, GD0-GD7, 
BD0-BD7, MA0-MA15, MCSOJvlCSI, MWE* 

CMOS interface outputs: CU # CD, R0/LU0-R3/LU3, G0/LD0-G3/LD3, B0-B3, M, FLM, 
CL1 CL2 CL3 CL4 

3. I/O common pins: AO/RD/XDOT, A 1/YL0-A3/YL2, D0-D3, RD0-RD7, GD0-GD7, BD0~ 

BD7 

Inputs except I/O common pins: HSYNC, VSYNC, PMODO, PMOD1 , RS/ADJ, CS/MSO, 
WR/MS1, RES, DOTE, DM0-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 
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Video Signal Interface 



Itom 


Symbol 


iviin 


May 


Unit 

unit 


RofTisrk 


DOTCLK cycle time 


tCYCD 


40 


1000 


ns 




DOTCLK high-level pulse width 


tWDH 


20 




ns 




DOTCLK low-level pulse width 


tWDL 


20 




ns 




DOTCLK rise time 


tDrl 




5 


ns 




DOTCLK fall time 


tDfl 




5 


ns 




R G R ^Ptiin timp 


tVDS 


1 




ns 




R, G, B, hold time 


tVDH 


1 




ns 




DISPTMG setup time 


tDTS 


10 




ns 




DISPTMG hold time 


tDTH 


10 




ns 




HSYNC setup time 




10 




ns 




HSYNC hold time 


tHSH 


10 




ns 




Phase shift setup time 


tPDS 


2 tcYCD 




ns 




Phase shift hold time 


tpDH 


2 tcYCD 




ns 




Input signal rise time 


tDr2 




10 


ns 


Except DOTCLK 


Input signal fall time 


tof2 




10 


ns 


Except DOTCLK 
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*Df1 



DOTCLK 



R, G, B 



HSYNC 



*HSH 



-^o.sv 



. ^ 1 y- 



tcycD 



tWDL 



twDH 



1.5V "^"^ 



tHSH 



tHSS 



xz 



DOTCLK 



*Df2 



tDTH 



TovV 

0.8V x 



*DTS 



tpr2 



tpTS 



tpPH tpps 



VSYNC 



7 L 2. OV 
J c 0.8V 



V 



Figure 29 Video Signal Interface 
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Buffer Memory Interface 












Item 


Symbol 


Min 




Max 


Unit 


R6dd cycle time 


tRC 


O tcYCD 


— oo 




ns 


nrtn nn7 ftnn rsn7 onn Rn7 
data setup time 


tSMD 


ZD 






ns 


RD0-RD7, GD0-GD7, BD0-BD7 
data noio time 


tHMD 







- 


ns 


\A/rltP px/pIp timp 
wine v*yi*ic in lie 


twe 


6 tcYCD 


— ou 






AHHppq<5 opti m timp 

nuui C93 ov tup III IIC 


tAS 


tcYCD ~ 








Address hold time 


t\A/R 


tCYCD ~ 


30 


— 


ns 


Chip select time 


tew 


4 tcYCD 


- 40 


— 


ns 


WritP ni il<iP wiHth 

VVIIIC i^uioc WIVJlll 


twp 


4 tCYCD 






ns 


RD0-RD7, GD0-GD7, BD0-BD7 
output setup time 


TsMDW 


2 tCYCD 


- 25 




ns 


RD0-RD7, GD0-GD7, BD0-BD7 
output hold time 


tHMDW 









ns 



Note: tcYCD indicates DOTCLK cycle time {min 40 ns, max 1000 ns). 
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T2 ( — 5 tcYco) 



DOTCLK 



MAO-MA15 



MCSO, MCS1 (Read) 



r~\ r~-\ r 
-j \ / \ / 



MCSO, MCS1 (Write) 



MWE 



RDO-RD7, GD0-GD7, 
BDO-BD7 
(LVIC — Memory) 



2AV- 
0.8 V- 



2.4V 
0.8V 



r 



T3 ( - 6 tcYCD) 



T1 ( - 5 cycd) 



-a r—\ r—\ /-- ^ r~\ /™"\ 1 — \ 

\ / \ / A I \ / \ I \- I \ I K. 

twc 



tAS 



tAS 



2.4V 
0.8V 



2.4V 
0.8V 



twp 



*SMDW 



TTv" 
0.8V 



t\A/R 



tHMDW 



> 



Figure 31 Buffer Memory Interface (RAM Write Timing) 




HD66840F 


LCD Driver Interface (TN-Type LCD Driver) 








Item 


Symbol 


Min 


Max 


Unit 


CL2 cycle time 


twCL2 


166 


— 


ns 


CL2 high-level pulse width 


twCL2H 


50 


— 


ns 


CL2 low-level pulse width 


twCL2L 


50 




ns 


CL2 rise time 


tCL2r 


— 


30 


ns 


CL2 fall time 


tCL2f 


_ 


30 


ns 


CL1 high-level pulse width 


tWCUH 


200 


— 


ns 


CL1 rise time 


tCL1r 


_ 


30 


ns 


CL1 fall time 


tCL1f 


.— 


30 


ns 


CL1 setup time 


tsCL1 


500 


— 


ns 


CL1 hold time 


tHCL1 


200 




ns 


FLM hold time 


tHF 


200 


— 


ns 


M output delay time 


tDM 




300 


ns 


Data delay time 


tDD 


- 20 


20 


ns 


LDOTCK cycle time 


tWLDOT 


41 




ns 



Note: All the values are measured at fcL2 = 6 MHz. 
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LCD Driver Interface (TFT-Type LCD Driver) 

Item Symbol Min Max Unit Remark 

CL2 cycle time (X drivers on one side) trcL2S 160 — ns Figure 34, 35 

CL2 high-level width (X drivers trcL2HS 30 — ns 
on one side) 

CL2 low-level width (X drivers trcL2LS 30 — ns 
on one side) 

CL2 cycle time (X drivers on both side) trcL2D 320 — ns 

CL2 high-level width (X drivers t T cL2HD 80 — ns 
on both side) 

CL2 low-level width (X drivers tjcL2LD 80 — ns 
on both side) 

CL2 rise time tci_2r — 30 ns 

CL2 fall time t C i_2f — 30 ns 

CL1 high-level width t T cLiH 200 ~ n s 

CL1 rise time tcur ~ 30 ns 

CL1 fail time tcuf ~~ 30 ns 

Data delay time toDi ~20 20 ns 

Data set up time t|_DS 15 — ns 

Data hold time ti_DH 15 — ns 

CL1 setup time tyscn 500 — ns 

CL1 hold time t T HCn 200 — ns 

CL3 delay time tocL3 50 — ns 

M delay time t D M — 300 ns 

FLM hold time t T FH 200 — ns 

LDOTCK cycle time twLDOT 40 — ns 
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twCL2H twCLZL 



CL2 



R0-R3, G0-G3 
B0-B3 




X 



xzzx 



XI 



twCLIH 



*HCU 



7 0.3V„ 



0.3 V cc 

tctlr 



FLM 



-tcL1f 



7 Vcc V 



X 



_t 0M 



0.7 V cc 
0.3 Vcc 



Figure 32 LCD Driver Interface (TN-Type LCD Driver Interface) 



CL1 Mill 


I I I I l„l I I I I I I I I l„l I III 


FLM |~| 


f-JL- — 


M{MCbit=0) _J 


8 — I I — 

L ft ' 


M(MCbit=1) II | I 





Figure 33 CL1, FLM and M (Reduced View of Figure 32) 



HD66840F 



X drivers on one side 
CL2 



R0-R3 
GO-G3 
BO-B3 

X drivers on 
both s 



*TCL2S 
*TCL2HS , tTCL2LS 



nB 

tDD1 



A0-3Vcc A A_ 



ttCL2D 



tfCL2HD 



/0.7V CC \ / 
Cl2 J 0.3V CC ^ f 



tu)H 



tLDS 



tTClilD 



tLDH 



tLDS 



X 



\ 



X 



tTSCLI 



*TCL1 H 



CL3 



tTHCLI 



7V CC 
>.3Vcc 



*DCL3 

0.3 V cc 



*TFH 



X 



tDM 



0.7 V cc 
0.3 V cc 



Figure 34 LCD Driver Interface (TFT-type LCD Driver Interface) 



CL1 



Jl 



CL3 



CL4 



-tjFH 



divided 
- from CL3 



Figure 35 CL1, CL3, CL4, FLM, M (Reduced view of figure 34 in the horizontal stripe 
mode) 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 647 



HD66840F 



Register Programming, MPU Write 



Item 


Symbol 


Min 


Max 


Unit 


RD high-level pulse width 


tWRDH 


190 


— 


ns 


RD low-level pulse width 


tWRDL 


190 


— 


ns 


WE high-level pulse width 


tWWEH 


190 


— 


ns 


WE low-level pulse width 


tWWEL 


190 


- 


ns 


CS, RS setup time 


Us 







ns 


CS, RS hold time 


Uh 







ns 


DO-D3 setup time 


tDSW 


100 




ns 


DO-D3 hold time 


tDHW 







ns 


00-D3 output delay time 


tDDR 




150 


ns 



D0-D3 output hold time tDHR 1 ~ ns 



C5 
RS 



D0-D3 



2.0V 
0.8 V 



tAS 



. tyVRDL 



tWWEH 



^DDR 



tAH 



x 



tDHR 



tAS 



2.0V 
0.8 



tAH 



tWRDH 



tyvWEL 



tosw 



-tDHW 



2.0V 



0.8 V 



^' Input 



Figure 36 MPU Interface 
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Register Programming, ROM Write 



Item 


Symbol 


Min 


Max 


Unit 


A cycle time 


tCYCA 


528 




ns 


A rise time 


tAr 




100 


ns 


A fall time 


tAf 




100 


ns 


D ROM data setup time 


tDSWD 


120 




ns 


D ROM data hold time 


tDHWD 







ns 



Note: tcYCA =16 tcYCD 



tCYCA 



A0-A3 
(LVIC^ROM) . 



-tAr. t A f 



tDSWD 



tDHWD 



D0-D3 
(ROM-HVIC) 



Valid 



Valid 



Valid 



x 



Figure 37 ROM Interface 
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PLL Interface 



Item 


Symbol 


Min 


Max 


Unit 


CU fall delay time 


*Uf 




80 


ns 


CU rise delay time 


tUr 




80 


ns 


CD fall delay time 


l Df 




80 


ns 


CD rise delay time 


t Dr 




80 


ns 


Reset Input 
Item 


Symbol 


Min 


Max 


Unit 


RES input pulse width 


ties 


1 







DOTCLK 



CD 



CD 



tUf- 



tDf- 



't D r 



7V C , 



3.3v c «N*_y c 



0.7V D 



Figure 38 PLL Interface 




Figure 39 Reset Input 
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Load Circuits 

TTL Load 



Pin 


Rl 


R 


Cl 


Remarks 


MA0-MA15, MWE, MCS0,MCS1, 
RD0-RD7, GD0-GD7, BD0-BD7 


2.4 kO 


11 kn 


40 pF 


tr, tf : Not specified 


AO/RD/XDOT, A1/YL0-A3/YL2 


2.4 kfl 


11 kO 


40 pF 


tr, tf: Specified 


Capacitive Load 
Pin 


c 




Remarks 




CL1 , CL2, CL3, CL4 


40 pF 




tr, tf: Specified 




R0-R3, G0-G3, B0-B3, 
FLM CU, CD, M 


40 pF 




tr, tf : Not specified 








Figure 40 TTL Load Circuit 




Figure 41 Capacitive Load Circuit 

Refer to application note (No. ADE-502-01 1 ) for detail of this product. 
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LCD Video Interface Controller II 
(LVIC-II) 



Description 

The HD66841F LCD video interface controller 
(LVIC-II) converts standard RGB video signals for 
CRT display into LCD data. It enables a CRT 
display system to be replaced by an LCD system 
without any changes, and it also enables software 
originally intended for CRT display to control an 
LCD. 

Since the LVIC-II can control TFT-type LCDs in 
addition to current TN-type LCDs, it can support 
monochrome, 8-level gray-scale, and 8-color 
displays. Thanks to a gray-scale palette, any 8 
levels can be selected from 13 gray-scale levels, 
depending on the LCD panel used. 

The LVIC-II also features a programmable screen 
size and can control a large-panel LCD of up to 720 
x 512 dots. 



Features 

• Conversion of RGB video signals used for CRT 
display into LCD data: 

- Monochrome display data 

- 8-level gray-scale <&ta 

- 8-color display data 

• Selectable LVIC-II control method: 

- Pin programming method 

- Internal register programming method (either 
with MPU or ROM) 



• Programmable screen size: 

- 640 or 720 dots (80 or 90 characters) wide by 
200, 350, 400, 480, 512, or 540 dots (lines) 
high, using the pin programming method 

- 32 to 4048 dots (4 to 506 characters) wide by 
4 to 1024 dots (lines) high, using the internal 
register programming method 

• Double-height display capability 

• Generation of display timing signal (DISPTMG) 
from horizontal synchronization (HSYNC) and 
vertical synchronization (VSYNC) signals 

• Internal PLL circuit capable of generating a CRT 
display dot clock (DOTCLK) (external charge 
pump, low pass filter (LPF), and voltage- 
controlled oscillator (VCO) required) 

• Control of both TN-type LCDs and TFT-type 
LCDs 

• Gray-scale level selection from gray-scale 
palette 

• Maximum operating frequency: 30MHz 
(DOTCLK) 

• LCD driver interface: 4-, 8-, or 12-bit (4 bits 
each for R, G, and B) parallel data transfer 

• Recommended LCD drivers: HD61104 
(column), HD61105 (row), HD61106 and 
HD66107T (column/row) 

• Direct interface with buffer memory (no external 
decoder required) 

• 1.3-jim CMOS processing 

• Single power supply: +5V ± 10% 

• Package: 100-pin plastic QFP (FP-100A) 
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Pin Arrangement 



RD, AO/XDOT 
A1/YL0 
A2/YL1 
A3/YL2 
DO/FO 
D1/F1 
D2/F2 
D3/F3 
GND2 
MAO 
MA1 
MA2 
MA3 
MA4 
MA5 
MA6 
MA7 
MA8 
MA9 
MA10 
MA11 
MA 12 
GND3 
MA13 
MA14 
MA15 



MCS1 
MWE 
Vcc2 



< ^ o 2* 

I lis i IllcnocrlllBisiiiife 
.nnnnnnnnnnnnnnnnnnnn 



C4 



MCSO C27 
C28 



C5 
C6 
7 
C8 
C9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
E20 
C21 
C22 
C23 
C24 
P25 
26 



80 
79 
78 

773 
76D 
75B 
74 

73D 
72 
71 
70 



C29 

r~3D 



67 
66 
65 
64 
63 
62 
61 



593 
58D 
57 □ 
56p 
55 
54 

53p 
52 
51 



uuuuuuuuuuuuuuuuuuuu 

ccDCdircccczcciroooocJOOOOfflz 



DOTE 

PMOD1 

PMOD0 

LDOTCK 

Vcc3 

CL4 

CL3 

CL2 

CL1 

FLM 

M 

R0/LU0 

R1/LU1 

R2/LU2 

R3/LU3 

QND6 

G0/LD0 

G1/LD1 

G2/LD2 

G3/LD3 

BO 

B1 

B2 

B3 

BD7 

BD6 

BD5 

BD4 

BD3 

BD2 
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Pin Description 



The LVIC-II's pins are listed in table 1 and their 
functions are described below. 



Table 1 Pin Description 










Classification 


Symbol 


Pin Number 


Pin Name 


I/O 


Note(s) 


Power supply 


Vcc1-Vcc3 


96, 30, 76 


V cc 1toVcc3 









GND1-GND6 


88, 9, 23, 
37, 50, 65 


Ground 1 to Ground 6 







Video signal 
interface 


R, G, B 


91,92, 93 


Red, green, and blue serial data 


I 


1 


HSYNC 


89 


Horizontal synchronization 


I 






VSYNC 


90 


Vertical synchronization 


I 






DISPTMG 


95 


Display timing 


I 


2 




DOTCLK 


94 


Dot clock 


I 




LCD interface 


R0-R3 


69-66 


LCD red data 0-3 


o 


3 




LU0-LU3 


69-66 


LCD upper panel data 0-3 


o 


4 




G0-G3 


64-61 


LCD green data 0-3 


o 


3,5 




LD0-LD3 


64-61 


LCD lower panel data 0-3 


o 


4,5 




B0-B3 


60-57 


LCD blue data 0-3 


o 


3,6 




CL1 


72 


LCD data line select clock 


o 






CL2 


73 


LCD data shift clock 


o 






CL3 


74 


Y-driver shift clock 1 


o 


7 




CL4 


75 


Y-driver shift clock 2 


o 


7 




FLM 


71 


First line marker 


o 






M 


70 


LCD driving signal alternation 









LDOTCK 


77 


LCD dot clock 


1 




Buffer memory 
interface 


MCSO, MCS1 


27, 28 


Memory chip select 0, 1 


o 


8 


MWE 


29 


Memory write enable 


o 


8 




MA0-MA15 


10-22, 24-26 


Memory address 0-15 


o 


8 




RD0-RD7 


31-36, 38, 39 


Memory red data 0-7 


I/O 


8 




GD0-GD7 


40-47 


Memory green data 0-7 


I/O 


8,9 




BD0-BD7 


48, 49, 51-56 


Memory blue data 0-7 


I/O 


8,9 


Mode setting 


PMODO, PMOD1 


78, 79 


Program mode 0, 1 








DOTE 


80 


Dot clock edge change 








SPS 


81 


Synchronization polarity select 








DM0-DM3 


82-85 


Display mode 0-3 








MSO, MS1 


98, 99 


Memory select 0, 1 




10, 11 




XDOT 


1 


X-dot 




10 




YL0-YL2 


2-4 


Y-lineO-2 




10, 12 
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Table 1 Pin Description(cont) 



Classification 


Symbol 


Pin Number 


Pin Name 


I/O 


Note(s) 


Mode setting 


ADJ 


100 


Adjust 


I 


10 




F0-F3 


5-8 


Fine adjust 0-3 


I 


10 


MPU interface 


5S 


98 


Chip select 


I 


10,11 




WR 


99 


Write 


I 


10,11,13 




m 


1 


Read 


I 


10, 13 




RS 


100 


Register select 


I 


10 




D0-D3 


5-8 


Data 0-3 


I/O 


10 




RES 


97 


Reset 


I 


14 


ROM interface 


A0-A4 


1-4, 100 


Address 0-4 


o 


10 




D0-D3 


5-8 


Data 0-3 


I 


10 


PLL interface 


CD 


86 


Charge down 


o 






CU 


87 


Charge up 


o 





Notes: 1 . Fix G and B pins low if CRT display data is monochrome. 

2. Fix high or low if the display timing signal is generated internally. 

3. For 8-color display modes. 

4. For monochrome or 8-level gray-scale display modes. 

5. Leave disconnected in 4-bit/single-screen data transfer modes. 

6. Leave disconnected in monochrome or 8-level gray-scale display modes. 

7. Leave disconnected in TN-type LCD modes. 

8. Leave disconnected if no buffer memory is used. 

9. Pull up with a resistor of about 20 kft in monochrome display modes. 

The LVIC-II writes the OR of RGB signals into R-plane RAM, so no RAM is required for the G 
and B planes in these modes. (If G- or B-plane RAM is connected in monochrome display 
modes, the LVIC-II writes G or B signals into each RAM. However, this does not affect the 
display or the contents of R-plane RAM.) 

1 0. Multiplexed pins. 

11 . Fix high or tow when using the ROM programming method. 

12. Fix high or low when using the MPU programming method. 

1 3. Do not set pins WR and RD low simultaneously. 

1 4. A reset signal must be input after power-on. 
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Power Supply 



FLM: Outputs a first line marker for Y-drivers. 



Vcc^-Vcc 31 Must be connected to a +5V power 
supply. 

GND1-GND6: Must be grounded. 
CRT Display Interface 

R, G, B: Input R, G, and B signals for CRT 
display. 

HSYNC: Inputs the CRT horizontal synchroni- 
zation signal. 

VSYNC: Inputs the CRT vertical synchronization 
signal. 

DISPTMG: Inputs the display timing signal which 
indicates the horizontal or vertical display period. 

DOTCLK: Inputs dot clock pulses used for CRT 
display. 

LCD Interface 

R0-R3: Output LCD R data 

LU0-LU3: Output LCD upper panel data. 

G0-G3: Output LCD G data. 

LD0-LD3: Output LCD lower panel data. 

B0-B3: Output LCD B data. 

CL1: Outputs line select clock pulses for LCD 
data. 

CL2: Outputs shift clock pulses for LCD data. 

CL3: Outputs line select and shift clock pulses for 
LCD data if Y-drivers are positioned on one side of 
the LCD screen. Refer to the LCD System 
Configuration section for details. 

CL4: Outputs line select and shift clock pulses for 
LCD data if Y-drivers are positioned on both sides 
of the LCD screen. Refer to the LCD System 
Configuration section for details. 



M: Outputs an alternation signal for converting 
LCD driving signals to AC. 

LDOTCK: Inputs LCD dot clock pulses. 

Buffer Memory Interface 



MCSO, MCS1: Output buffer memory chip select 
signals. 



MWE: Outputs the buffer memory write enable 
signal. 

MA0-MA15: Output buffer memory addresses. 

RD0-RD7: Transfer data between R-data buffer 
memory and the LVIC-II. 

GD0-GD7: Transfer data between G-data buffer 
memory and the LVIC-II. 

BD0-BD7: Transfer data between B-data buffer 
memory and the LVIC-II. 

Mode Setting 

PMODO, PMOD1: Select the programming 
method for the LVIC-II (table 2). 

DOTE: Switches data latch timing. The LVIC-II 
latches RGB signals at the falling edge of 
DOTCLK pulses if the DOTE pin is set high, or at 
the rising edge if it is set low. 

SPS: Selects the polarity of the VSYNC signal. 
(The HSYNC signal's polarity is fixed.) The 
VSYNC signal is active-high if SPS is set high, or 
active-low if it is set low. 

DM0-DM3: Select the display mode (table 8). 

MS0-MS1: Select the buffer memory type (table 
3). 

XDOT: Specifies the number of characters 
displayed on the LCD screen in the horizontal 
direction (called the horizontal displayed 
characters). The number is 90 (720 dots) if XDOT 
is set high, or 80 (640 dots) if it is set low. 
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YL0-YL2: Specify the number of lines displayed 
on the LCD screen in the vertical direction (called 
the vertical displayed lines) (table 4). 

ADJ: Determines whether the F0-F3 pins adjust 
the display timing signal or the number of vertical 
displayed lines. They pins adjust the display 
timing signal if ADJ is set high, en* the number of 
vertical displayed lines if it is set low. 

F0-F3: Adjust the number of vertical displayed 
lines (table 5) or the display timing signal. Refer to 
the Display liming Signal Fine Adjustment section 
for details. 

MPU Interface 

CS: An MPU inputs the CS signal through this pin 
to select the LVIC. An MPU can access the LVIC- 
II while this signal is low. 

WR: An MPU inputs the WR signal through this 
pin to write data into the LVIC-II's internal 
registers. An MPU can write data while this signal 
is low. 

RD: An MPU inputs the RD signal through this pin 
to read data from the LVIC-II's internal registers. 
An MPU can read data while this signal is low. 



RS: An MPU inputs the RS signal through this pin 
to select the LVIC's internal registers. An MPU 
can access data registers (R0-R15) while this 
signal is high and the CS signal is low, and can 
select the address register (AR) while both this 
signal and the CS signal are low. 

D0-D3: Transfer LVIC-II internal register data 
between an MPU and the LVIC-II. 



RES: Externally resets the LVIC-II. 
ROM Interface 

A0-A4: Output external ROM addresses. 

D0-D3: Input external ROM data to the LVIC-II's 
internal registers. 

PLL Circuit Interface 

CD: Outputs charge-down signals to an external 
charge pump. 

CU: Outputs charge-up signals to an external 
charge pump. 
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Table 2 Programming Method Selection 



PMOD1 


PMODO 


Programming Method 








Pin programming 





1 


Internal register MPU 


1 





programming ROM 


1 


1 


Inhibited (Note) 



Note: This combination is for test mode: it disables 
display. 

Table 3 Memory Type Selection 



MS1 


MS0 


Memory Type 








No memory 





1 


8-kbytes memory 


1 





32-kbytes memory 


1 


1 


64-kbytes memory 



Table 4 Number of Vertical Displayed Lines 



YL2 


YL1 


YLO 


Number of Vertical 
Displayed Lines 











200 








1 


350 





1 





400 





1 


1 


480 


1 








512 


1 





1 


540 


1 


1 





Inhibited (Note) 


1 


1 


1 





Note: 480 lines are displayed, but they are practi- 
cally indistinguishable. 



Table 5 Fine Adjustment of Vertical Displayed 
Lines 

F3 F2 F1 FO Number of Adjusted Lines 

±0 

1 +1 



10+2 



11 1 +14 
1 1 1 1 +15 
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SPS 

HSYNC 
VSYNC 
DISPTMG 



DOTCLK 
DOTE 
R 
G 
B 

Vcc 
GND 



CU CD 



A0-A4 



D0-D3 



DOTCLK 
itor 
iram- 
mabfe counter. 



comparator) 

L_L 



DISPTMG 
generator 



I 



Timing dock 
generator 



6 f=> 



Write counter 
(horizontal, 
vertical counter) 



Write address 
counter 



St. 



Read counter 
(horizontal, 
vertical counter) 



Read address 
counter 



O 



I Address multiplexer | 



CRT 

display/ 

buffer 

memory 

interface 



vvy, 



MCS, MWE 
generator 



V 




Synchronizer 



Data 




Data 


latch 




latch 


cir- 




cir- 


cuit 




cuit 



RS, CS, WR 
-3 



MPU/ROM 
interface 



niray 
( scale 



i iDisplayi 
"mode | 
JIdecod-J 
ner 



LDOTCK 

■iK CL1-CL4 
FLM 
M 




□6 PMODO, PM0D1 

X 

~P DM0-DM3 
RES 



RD0-RD7 MCSO 
GD0-GD7 MCS1 
BD0-BD7 MA13-MA15 
MWE 



13 

V 

MA0-MA12 
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Registers 

The LVIC-II's registers are listed in table 6 and the 
bit assignments within the registers are shown in 
figure 1. 



Tabled Register List 

Reg. Address Reg. Program Specified Read/ 

CS RS PS 1 3 2 10 No. Register Name Unit Value Symbol Write* Note(s) 



1 

















An 


Address register 






W 


3 





1 














R0 


Control register 1 


— 


— 


R7W 







1 











1 


R1 


Control register 2 






R7W 







1 








1 





R2 


Vertical displayed lines 
register (middle-order) 


Lines 


Nvd 


R7W 


4 





1 








1 


1 


R3 


Vertical displayed lines 
register (low-order) 


Lines 


Nvd 


R/W 


4 





1 





1 








R4 


Vertical displayed lines 
register (high-order)/ 
CL3 period register 
(high-order) 


Lines/ 
Chars. 


Nvd/ 
Npc 


R7W 


4, 5,6 





1 





1 





1 


R5 


CL3 period register 
(low-order) 


Chars. 


Npc 


R/W 


4, 5,6 





1 





1 


1 





R6 


Horizontal displayed 
characters register 
(high-order) 


Chars. 


Nhd 


R/W 


6 





1 





1 


1 


1 


R7 


Horizontal displayed 
characters register 
(low-order) 


Chars. 


Nhd 


R/W 


6 





1 













R8 


CL3 pulse width register 


Chars. 


Npw 


R/W 


6 





1 










1 


R9 


Fine adjust register 


Dots 


Nda 


R/W 


7 





1 







1 





R10 


PLL frequency-division 
ratio register (high-order) 




Npll 


R/W 


8 





1 







1 


1 


R11 


PLL frequency-division 
ratio register (low-order) 




Nrll 


R/W 


8 





1 




1 








R12 


Vertical backporch 
register (high-order) 


Lines 


Ncvbp 


R/W 


4,9 





1 




1 





1 


R13 


Vertical backporch 
register (low-order) 


Lines 


Ncvbp 


R7W 


4,9 





1 




1 


1 





R14 


Horizontal backporch 
register (high-order) 


Dots 


Nchbp 


R/W 


4,9 





1 




1 


1 


1 


R15 


Horizontal backporch 
register (low-order) 


Dots 


Nchbp 


R/W 


4,9 
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Table 6 Register List (cont) 

Reg. Address Reg, Program Specified Read/ 

CS RS PS 1 3 2 10 No. Register Name Unit Value Symbol Write^ Note(s) 



1 


1 











1 


P1 


Black palette register — 


— 


R/W 


1 


1 








1 





P2 


Blue palette register — 




R/W 


1 


1 








1 


1 


P3 


Red palette register — 


— 


R/W 


1 


1 





1 








P4 


Magenta palette register — 




R/W 


1 


1 





1 





1 


P5 


Green palette register — 




R/W 


1 


1 





1 


1 





P6 


Cyan palette register — 




R/W 


1 


1 





1 


1 


1 


P7 


Yellow palette register — 




R/W 


1 


1 


1 











P8 


White palette register — 




R/W 


1 


1 


1 








1 




Reserved 






1 


1 


1 


1 


1 


1 




Reserved 







Notes: 1 . Corresponds to bit 2 of control register 1 (R0) 

2. W indicates that the register can only be written to; R/W indicates that the register can both be 
read from and written to. 

3. Attempting to read data from this register when RS « drives the bus to high-impedance state; 
output data becomes undefined. 

4. Write (the specified value - 1) into this register. 

5. Valid only in 8-color display modes with horizontal stripes. 

6. One character consists of eight horizontal dots. 

7. Valid only if the display timing signal is supplied externally. 

8. Valid only if the dot clock signal is generated internally. 

9. Valid only if the display timing signal is generated internally. 
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Reg. Address 


Reg. 


Data Bits 


C5 


RS 


PS 1 


3 


2 


1 





No. 


3 


2 


1 





1 










_2 












AR 













1 


— 














RO 


DIZ 


PS 


DSP 


DCK 





1 














1 


R1 


MC 


DON 


MS1 


MSO 





1 











1 





R2 













1 











1 


1 


R3 













1 








1 








R4 













1 








1 





1 


R5 













1 








1 


1 





R63 













1 








1 


1 


1 


R7 













1 





1 











R8 













1 





1 








1 


R9 













1 





1 





1 





R10 













1 





1 





1 


1 


R11 













1 





1 


1 








R12 













1 





1 


1 





1 


R13 













1 





1 


1 


1 





R14 













1 







1 


1 


1 


R15 













1 


1 











1 


P1< 

















1 


1 








1 





P24 








1 








1 


1 








1 


1 


P3< 





1 





1 





1 


1 





1 








p 4 4 





1 


1 








1 


1 





1 





1 







1 


1 


1 


u 









1 


1 







1 














1 







1 


1 


1 


p 7 4 


1 





1 








1 




1 













1 














1 




1 








1 








_ 5 

























1 


1 


1 


1 


1 


1 













<- Address register 
<- Control register 1 
<r- Control register 2 
<- Vertical displayed lines register 



<- CL3 period register 

«- Horizontal displayed characters 

register 
<- CL3 pulse width register 
<- Fine adjust register 
<~ PLL frequency-division ratio 

register 
<- Vertical backporch register 

<- Horizontal backporch register 

<- Black palette register 
<- Blue palette register 
<r- Red palette register 
<- Magenta palette register 
<- Green palette register 
<r- Cyan palette register 
<- Yellow palette register 
<- White palette register 
<r~ Reserved registers 



Notes: 1 . Corresponds to bit 2 of control register 1 (RO). 

2. Invalid bits. Attempting to read data from these bits returns undefined data. 

3. The most significant bit is invalid in dual-screen configuration modes. 

4. Bit values shown are default values at reset. 

5. Reserved bits. Any attempt to write data into the register is invalid, although it has no affect 
on LSI operations. Any attempt to read data from the register returns undefined data. 



Figure 1 Register Bit Assignment 
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System Description 

Figure 2 is a block diagram of a system in which 
the LVIC-II is used outside a personal computer. 

The LVIC-II converts the RGB serial data sent 
from the personal computer into parallel data and 
temporarily writes it to the buffer memory. It then 
reads out the data in order and outputs it to LCD 
drivers to drive the LCD. In this case, the CRT 
display dot clock (DOTCLK), which is a latch 
clock for serial data, is generated by the PLL 



cricuit from the horizontal synchronization signal 
(HSYNC). The DOTCLK signal frequency is 
specified by the PLL frequency-division ratio 
register (RIO, Rll). 

The system can be configured without a VCO and 
LPF if the DOTCLK signal is supplied externally, 
and it can be configured without an MPU if the 
LVIC-II is controlled by the pin programming 
method. 



Dot clock 



Personal 
computer 



RGB serial data 



VCO 
LPF 



CU 



i i a 



HSYNC 



VSYNC 



MPU 



CD 



LVIC-II 



Buffer h 
memory 



Simultaneous display 
possible 



C CRT 



VCO: Voltage-controlled oscillator 
LPF: Low-pass filter 



Figure 2 System Block Diagram (with MPU programming method 
and DOTCLK generated internally) 
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Functional Description 
Programming Method 

One of two methods of controlling LVIC-II 
functions can be selected by setting pins PMODO 
and PMOD1. Control by pins is called the pin 
programming method and control by internal 
registers is called the internal register programming 
method. The internal register programming 
method can be further divided into the MPU 
programming method and the ROM programming 
method; an MPU is used to write data into internal 
registers in the MPU programming method and 
ROM is used to write data into internal registers in 
the ROM programming method* 



Pin Programming Method: The LVIC-IFs mode- 
setting pins control functions. 

Internal Register Programming Method: An 

MPU or ROM is used to write data into the LVIC- 
ITs internal registers to control functions. Figure 3 
shows the connection of either an MPU or ROM to 
the LVIC-II. Although figure 3 (1) shows an 
example of the use of a 4-bit microprocessor, the 
LVIC-II can also be connected directly to the host 
MPU bus since the LVIC-II MPU bus is compatible 
with the 4-MHz bus of 80-series microcomputers. 



4-bit MPU 
BO B1 B2 B3 A0-A3 



CS RS WR RD D0-D3 
LVIC-II 



(1) Connection of MPU to LVIC-II 



ROM 

D0-D3 A0-A4 


\ 


/ 

V 


\ 



D0-D3 A0-A4 
LVIC-II 



(2) Connection of ROM to LVIC-II 



Figure 3 Connection of MPU or ROM to LVIC-II 
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Screen Size 

Screen size can be programmed either by pins or 
internal registers. 

In the pin programming method, either 640 dots or 
720 dots (80 characters or 90 characters) can be 
selected with the XDOT pin as the number of 
horizontal displayed characters, and either 200, 
350, 400, 480, 512, or 540 lines can be selected 
with the YL2-YL0 pins as the number of vertical 
displayed lines. The number of vertical displayed 
lines can be adjusted by from +0 to +15 lines with 
the ADJ and F3-F0 pins. 



In the internal register programming method, any 
even number of characters from 4 to 506 (from 32 
to 4048 dots) can be selected with the horizontal 
displayed characters register (R6, R7), and any 
even number of lines from 4 to 1028 can be 
selected with the vertical displayed lines register 
(R2, R3, and the high-order two bits of R4). 
However, note that an odd number of lines can also 
be selected if the screen configuration is single- 
screen and Y-drivers (scan drivers) are positioned 
on one side of the LCD screen. 

The relationship between the LCD screen and the 
pins and internal registers controlling screen size is 
shown in figure 4. 



Number of horizontal displayed characters 

; a 

Pin: XDOT 

Register: Horizontal displayed characters 
register (R6,R7) 



LCD screen 



Number of vertical displayed 
lines 

Pins: YL2-YL0, ADJ, F3-F0 
Register: Vertical displayed 

i lines register 
(R2, R3, high-order 2 
bits of R4) 



Figure 4 Relationship between LCD Screen and Pins and Internal Registers 
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Memory Selection 



8-, 32-, or 64-kbytes SRAMs can be selected as 
buffer memory for the LVIC-II. Since the LVIC-II 
has a chip select circuit for memory, no external 
decoder is required. The memory type can be 
selected with the MSI and MSO pins or the MSI 
and MSO bits of control register 2 (Rl). Memory 
types and corresponding pin address assignments 
are listed in table 7. 

The memory capacity required depends on screen 
size and can be obtained from the following 
equation: 

Memory capacity (bytes) = Nhd x Nvd 

Nhd: Number of horizontal displayed characters 
(where one character consists of 8 horizontal 
dots) 



For example, a screen of 640 x 200 dots requires a 
16-kbytes memory capacity since 80 characters x 
200 lines is 16 kbytes. Consequently, each plane 
requires two HM6264s (8-kbytes mem ories) i n 8- 
level gray-scale display modes. The MCS0 pin 
must be connected to the CS pin of one of the 
memory chips in each plane, and the MCS1 pin 
must be connected to the CS pin of the remaining 
memory chip in each plane (figure 5 (a)). 

A screen of 640 x 400 dots requires a 32-kbytes 
(256-kbit) memory capacity, so each plane requires 
an HM62256 , which is a 32-kbytes memory. In 
this case, the MCS0 pin must be connected to the 
"CS pin of each memory chip, (figure 5 (b)). 



Nvd: Number of vertical displayed lines 



Table 7 Memories and Pin Address Assignments 



Pins or Bits 








Address 


MS1 MSO 


Memory 


Address Pins 


Chip Select Pins 


Assignment 





No memory ( Note ) 








1 


8-kbyte 


MA0-MA12 


MCS0 


$0000-$1FFF 








MCS1 


$2000-$3FFF 








MA13 


$4000-$5FFF 








MA14 


$600O-$7FFF 








MA15 


$8000-$9FFF 


1 


32-kbyte 


MA0-MA14 


MCS0 


$00000-$07FFF 








MCS1 


$08000-$0FFFF 








MA15 


$10000-$17FFF 


1 1 


64-kbyte 


MA0-MA15 


MCSo 


$00000-$0FFFF 








MCS1 


$10000-$1FFFF 



Note: There are some limitations if no memory is used. Refer to the User Notes section for details. 
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MCSO 



MCS1 



640 x 200 dots 



CS 



cs 







CS 


R 




HM6264 


cs 






HM6264 



(a) 16-kbytes Memory Configuration 



640 x 400 dots 



MCSO 



► 


C§ R 






HM62256 







(b) 32-kbytes Memory Configuration 



Figure 5 Screen Size and Memory Configuration 
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Display Modes output, positions of LCD drivers for the LCD 

screen, arrangement of color data (type of stripes), 
The LVIC-II supports 16 display modes, depending and method of M signal output (type of alternation 
on the states of the DM3-DM0 pins. The display signal). Display modes are listed in table 8. 
mode controls display color, type of LCD data 



Table 8 Display Mode List 



Mode 






Pins 




Display 


Data Transfer 


Screen 


LCD Driver Positions 






No. 


DM3 


DM2 DM1 


DM0 


Color 


Type 


Config. 


X-driver* Y-Driver* 


Stripe 4 


Alternation 


1 














Mono- 
chrome 


4-bit 


Dual 


One side One side 




Every frame 


2 


o 








1 




Single 








31 


o 





1 


o 








Both sides 






4 








1 


1 




8-bit 




One side 






5 1 





1 





o 








Both sides 






6 





1 





1 


8-level 
gray scale 


4-bit 


Dual 


One side 






7 





1 


1 







Single 








8 





1 


1 


1 




8-bit 










91 













8-color 


12-bit 


Single 


One side Onse side 


Vertical 


Every line 


101 










1 




(4 bits each 
for R, G, and B) 




Both sides 






111 







1 









Both sides One side 






121 







1 


1 








Both sides 






131 




1 














One side One side 


Horizontal 




141 




1 





1 








Both sides 






151 




1 


1 











Both sides One side 






16 




1 


1 


1 






Dual 


One side 


Vertical 


Every frame 



Notes: 1. For TFT-type LCDs. 

2. Data output driver. 

3. Scan driver. 

4. Refer to the 8-color Display section. 



668 
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Display Color 

The LVIC-II converts the RGB color data normally 
used for CRT display into monochrome, 8-level 
gray-scale, or 8-color display data. 

Monochrome Display (Modes 1 to 5): The LVIC- 
II displays two colors: black (display on) and white 
(display off). As shown in table 9, the CRT display 
RGB data is ORed to determine display on/off. 

8-Level Gray Scale Display (Modes 6 to 8): The 
LVIC-II thins out data on certain lines or dots to 
provide an 8-level gray-scale display based on CRT 
display color (luminosity). The relationship 
between CRT display color (luminosity) and LCD 
gray scale (contrast) is shown in table 10. 



This relationship corresponds to the default values 
in palette registers; the correspondence between 
color and gray scale can be changed by writing 
data into palette registers. 

8-Color Display (Modes 9 to 16): The LVIC-II 
displays 8 colors through red (R), green (G), and 
blue (B) filters placed on liquid-crystal cells. The 
eight colors are the same as those provided by a 
CRT display. As shown in figure 6, 8-color display 
has two stripe modes: horizontal stripe mode in 
which the LVIC-II arranges RGB data horizontally 
for horizontal filters and vertical stripe mode in 
which it arranges RGB data vertically for vertical 
filters. Three cells express one dot in both modes. 



Table 9 Monochrome Display 



CRT Display Data 



LCD 



R 


G 


B 


CRT Display Color 


On/Off 


Color 


1 


1 


1 


White 


On 


Black 


1 


1 





Yellow 


On 


Black 





1 


1 


Cyan 


On 


Black 





1 





Green 


On 


Black 


1 





1 


Magenta 


On 


Black 


1 








Red 


On 


Black 








1 


Blue 


On 


Black 











Black 


Off 


White 




Table 10 8-Level Gray-Scale Display 
CRT Display Data CRT 



LCD 



R 


G 


B 


Color 


1 


1 


1 


White 


1 


1 





Yellow 





1 


1 


Cyan 





1 





Green 


1 





1 


Magenta 


1 








Red 








1 


Blue 











Black 



Luminosity Gray Scale Contrast 



High 
4 



Black 

A 



Low 



Strong 



White 



Weak 
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X-drivers 






X-drivers 


idot R 


R R 
G G 
B B 








B 




! : R filter 


Y-drivers 














! ! G fitter 














I i B filter 














! ! ! R 


L 


R 


G 


B 










fH — 1 


♦ i_Bfilter 
I — G filter 
— R filler 




• i i 



Horizontal Stripes Vertical Stripes 



Figure 6 Stripe Modes in 8-Color Display 
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LCD System Configuration 

The LVIC-II supports the following LCD system 
configurations: 

• Types of LCD data output: 

- Data transfer: 4-bit, 8-bit, or 12-bit (4 bits 
each for R, G, and B) 

- Screen configuration: Single or dual 



• LCD driver positions around LCD screen: 

- X-drivers: On one side or on both sides 

- Y-drivers: On one side or on both sides 

System configurations for different modes are 
shown in figure 7, and configurations of X- and Y- 
drivers positioned on both sides of an LCD screen 
are shown in figure 8. 



Data- 



4-bits 




Upper panel X-driver 



m 



-LCD upper panel 



-LCD lower panel 



4-,8-, 12-bits . 

Data-' H X-driver 



-LCD panel 



Data- 



4-bits 



Lower panel X-driver 



System conf iguretion for mode 1 and mode 6 
(4-bit data transfer, dual screen, X-driver and 
Y-drlver each on one side) Noto 



System configureation for modes, 2, 4, 7, 8, 9, 
and 13 (4-, 8-, or 1 2-bit data transfer, single 
screen, X-driver and Y-driver each on one side) 



Data 



4-,8-,J2-bits 



X-driver 



Data- 



12-bits 
— 



























































LCD panel 



































Upper X-driver 



-LCD panel 



Data- 



12-bits 



Lower X-driver 



System configureaton fo rmodes 3, 5, 10, 
and 14 (4-, 8-, or 12-bit data transfer, single 
screen, X-driver on one side and Y-driver on 
both sides) 



System configureation for mode 11 and mode 
15 (12-bit data transfer, single screen, X-edrlver 
on both sides and Y-driver on one side) 



Note: Since the LCD upper panel and lower panel are each regarded as 
one screen, the X-drivers are considered to be positioned on one 
side, not on both sides. 



Figure 7 System Configurations by Mode 
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Data • 



12-bit 
— — 



Data • 



12-bit 



Upper X-driver | 



-LCD panel 



\ Lower X-driver 



System configuration for mode 12 (12-blt 
data transfer, single screen, X-drlver 
and Y-driver each on both sides) 



Data- 



Data- 



12-bit 




12-bit 



Upper panel X-driver | 







H - 




-I 


cc 


up 


ser 


panel - -+ 


















CD 


lov 


er| 


)anel _ + 













Lower panel X-driver 



System configuration for mode 16 (12-blt 
data transfer, dual screen, X-driver and 
Y-driver each on one side) Not * 



Note: Since the LCD upper panel and lower panel are each regarded as 
one screen, the X-drivers are considered to be positioned on one 
side, not on both sides. 



Figure 7 System Configurations by Mode (cont) 




Data 



Data output 
lines 







1st line 


if 




2nd line 






3rd line 


1 




4th line 








5th line 






\ 




-T 



Signal output lines 



(1) X-drivers set on both sides 

Data output lines run alternately 
from upper and lower X-drivers, 
increasing the pitch of the lines to twice 
that for X-drivers positioned on one side. 



(2) Y-drivers set on both sides 

Line select signal output lines run 
alternately from right and left Y-drivers, 
increasing the pitch of the lines to twice 
that for Y-drivers positioned on one side. 



Figure 8 X- and Y-Drivers Set on Both Sides 
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LDOTCK Frequency Calculation 

The frequency f L of the LCD dot clock (LDOTCK) 
can be obtained from the following equation: 

f L = (Nhd + 6) x 8 x Nvd x f F 

Nhd: Number of horizontal displayed characters 
on LCD = (number of horizontal displayed 
dots on LCD) x 1/8 
Nvd: Number of vertical displayed lines on LCD 
fp: Frame frequency (FLM frequency) 

In this case, must satisfy the following 
relationships, where frj is the frequency of the dot 
clock for CRT display (DOTCLK): 

f L <fD x 15/16 or 

f L =fo (the phase of LDOTCK must be opposite to 
that of DOTCLK in this case) 



VSYNC 


n 




h-H 

Y lines (« Vertical backporch) 


HSYNC 


n n n 

X dots (= Horizontal backporch) 


DISPTMG 


1 II II 


Display 
data 


Display period ^Retrace period 
(= No. of horizontal 
displayed characters) 




mx"::::::x::^ 




^ Valid ^'^Invalld Valid ~ n lnvalkf n Valid 



Figure 9 Relationships between HSYNC, VSYNC, DISPTMG, and Display Data 



Display Timing Signal Generation 

CRT display data is divided into display period 
data and retrace period data, so the LVIC-II needs a 
signal indicating whether the CRT display data 
that has just been transferred is display period data 
or not. This signal is called the display timing 
signal. 

The LVIC-II can generate the display timing signal 
from the HSYNC and VSYNC signals. The 
relationships between HSYNC, VSYNC, the 
display timing signal (DISPTMG), and display data 
are shown in figure 9. Y lines and X dots in the 
figure are specified by the vertical backporch 
register (R12, R13) and the horizontal backporch 
register (R14, R15), respectively. 
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Dot Clock Generation 

The dot clock, which is a data latch clock, is not a 
standard video signal, so it is not usually output 
from the CRT display plug. Therefore, the LVIC- 
II must generate it. The LVIC-II has a 
programmable counter and a phase comparator 
which are parts of a phase-locked loop (PLL) 
circuit, and it can generate the dot clock from the 
HSYNC signal if a charge pump, a low-pass filter 
(LPF), and a voltage-controlled oscillator (VCO) 
are externally attached. 

A block diagram of the PLL circuit is shown in 
figure 10. A PLL circuit is a feedback controller 
that generates a clock whose frequency and phase 
are the same as those of a basic clock. The basic 
clock is the HSYNC signal in this case. 

At power-on, the VCO outputs to the program- 
mable counter a signal whose frequency is 
determined by the voltage at that time. The counter 



divides the frequency of the signal according to the 
value in the PLL frequency-division ratio register 
(RIO, Rll), and outputs it to the phase comparator. 
This is the frequency-divided clock. 

The comparator compares the edges of the clock 
pulses and the HSYNC signal pulses and outputs 
the CU or CD signal to the charge pump and LPF 
according to the result. The comparator outputs the 
CU signal if the frequency of the clock is lower 
than that of the HSYNC signal or if the phase of 
the clock is behind that j>f the HSYNC signal; 
otherwise it outputs the CD signal. The charge 
pump and LPF apply a voltage to the VCO 
according to the CU or CD signal. 

This operation is repeated until the phase and 
frequency of the frequency-divided clock match 
those of the HSYNC signal, making it a stable dot 
clock. 



HSYNC 



Inside LVIC 



Phase 
comparator 



Value written in 



vaiuo wiiuoii hi ^ 

PLL frequency-division ratio I ^ 
register (R10.R11) ^ 



Frequency- 
divided clock 



Programmable 
counter 



Timing clock generator ««- 



I DOTCLK 



CU 



CD 



Charge pump 
LPF 



1 




V( 


zo 



Figure 10 PLL Circuit Block Diagram 
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Gray-Scale Palette 

The HD66841F thins out LCD data on certain dots 
or lines of an LCD panel every frame, changing 
integral voltages applied to liquid-crystal cells, to 
generate intermediate levels of luminosities. 
Consequently, the difference in depth between 
adjacent gray-scale shades may not be uniform in 
some cases since voltage-transmittance 
characteristics vary with different panels. To allow 
for this, the HD66841F is designed to generate 13 
gray-scale levels and provide palette registers that 
assign desired levels to certain of the eight CRT 
display colors. 



The relationships between gray scales and 
corresponding effective applied voltages are shown 
in figure 11 (a). Each gray scale is displayed 
according to the characteristics of its effective 
applied voltage and the optical transmittance of the 
panel (figure 11 (b)). Using the palette registers to 
select any 8 out of 13 levels of applied voltages 
enables an optimal gray-scale display conforming 
to the characteristics of the LCD panel. The palette 
registers can also be used to provide 4-level gray- 
scale display and reverse display. 



Table 11 Default Values of Palette Registers 



Register 
No. 


CRT Display Data 
RGB 


Register Name 


Default Value 




P1 











Black palette 














P2 








1 


Blue palette 








1 





P3 


1 








Red palette 





1 





1 


P4 


1 





1 


Magenta palette 





1 


1 





P5 





1 





Green palette 





1 


1 


1 


P6 





1 


1 


Cyan palette 


1 











P7 


1 


1 





Yellow palette 


1 





1 





P8 


1 


1 


1 


White palette 


1 


1 










Gray-scale number Transmittance 
(a) (b) 



Figure 11 Relationships between Gray Scale, Transmittance, and Effective Applied Voltage 
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Pin Programming Method 

The palette registers cannot be used in the pin 
programming method. 

MPU Programming Method 

To change the contents of palette registers in the 
MPU programming method, set bit 2 (the PS bit) of 
control register 1 (RO), to 1. Since data registers 
(R1-R15) cannot be accessed while this bit is 1, set 
in to before accessing the data registers again. 
However, note that control register 1 (RO) can be 
accessed regardless of the setting of the PS bit if $0 
is set in the address register (AR). 

ROM Programming Method 

In the ROM programming method, the HD66841F 
accesses ROM sequentially from address $0000 to 
$00 IF. In this case, write to bit 2 of address 
$0000 (PS bit) before writing data register values 
to addresses $0001-$000F, and write 1 to bit 2 of 



address $0010 (PS bit) before writing palette 
register values to addresses $001 1-$0018. 

DIZ Function 

The HD66841F thins out data on certain lines or 
dots every frame to enable gray-scale display. If a 
checker-board pattern consisting of alternately 
arranged gray scales of different levels (figure 12) 
is displayed by a simple dot-basis gray-scale 
display control method, the display might 
sometimes seem to "flow" horizontally, depending 
on the gray-scale and LCD panel characteristics. 

The HD66841F automatically checks for such a 
checker-board section and changes the gray-scale 
display control method of dot-based data thinning 
to that of frame-based data thinning, to reduce 
display flow. Setting bit 3 (DIZ) of control register 
1 (R0) to 1 enables this function. In frame-based 
data thinning, however, flickering might appear 
with some LCD panels; in that case, select the 
control method that generates the better display. 



jOOC 

Gray scale 1 (1 dot) Gray scale 2 (1 dot) 



Figure 12 Checker-Board Display 
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Double-Height Display 



The LVIC-II provides double-height display which 
doubles the vertical size of characters and pictures 
(figure 13). 

In the TN-type LCD modes (display modes 1, 2, 4, 
and 6-8), the CL3 signal period is half as long as 
the CL1 signal period, as shown in figure 14. 
Consequently, using the CL3 signal instead of the 
CL1 signal (figure 15) as a line shift clock enables 
two lines to be selected while X-drivers (data 
output drivers) are outputting identical data, thus 
realizing double-height display. However, it should 
be noted that this display requires the following 
procedure since the LVIC-II displays twice as 
many lines as specified by pins or internal 
registers: 



1. Halve the LCD dot clock (LDOTCK) frequency 
calculated from the number of vertical displayed 
lines of the LCD panel. 

2. Specify half the number of vertical displayed 
lines of the LCD panel as the number of vertical 
displayed lines. (For instance, if the number of 
vertical displayed lines of the LCD panel is 400, 
specify 200 with the YL2-YL0 pins or the 
vertical displayed lines register.) 

This function is available only in the TN-type LCD 
modes; it is disabled in the TFT-type LCD modes. 



i 
i 

A 



Normal display 



mm 



jLmm 

'•J • 



Double-height display 




Figure 13 Double-Height Display Example 
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CL1 

CL3 

X-driver 
output 

Y-driver 



(If connected as 
shown in figure 15) 




Figure 14 Relationship between CL1 and CL3 in Modes 1, 2, 4, 6, 7, and 8 



LD0-LD3, LU0-LU3 
CL1 
CL2 
M 



CL3 
FLM 
M 



4 (or 8) bits 

-/ 



12 $ 

T3 C 



X-drivers 
(Data output drivers) 



LCD panel 



Figure 15 Connection for Double-Height Display 
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Display Timing Signal Fine Adjustment 

If the display timing signal is supplied externally, a 
phase shift between CRT data and the display 
timing signal may appear. This is because each 
signal has its own specific lag. The LVIC-II can 
adjust the display timing signal according to pins 
FO-F3 or the fine adjust register (R9) to correct the 
phase shift 

The relationships between pins F3-F0, data bits 3 
to of the fine adjust register, and the resultant fine 
adjustments are shown in table 12. The polarity of 
the number of dots adjusted is given by - (minus) 
indicating advancing the phase of the display 
timing signal or + (plus) indicating delaying it. Pin 



F3 or data bit 3 of R9 selects the polarity. The 
adjustment reference point is the display start 
position. 

Examples of adjusting the display timing signal are 
shown in figure 16. Since the signal is two dots 
ahead of the display start position in case (1), F3, 
F2, Fl, and FO or data bits 3, 2, 1, and of R9 
should be set to (1, 0, 1, 0) to delay the signal by 
two dots. Conversely, since the signal is two dots 
behind the display start position in case (2), they 
should be set to (0, 0, 1, 0) to advance the signal by 
two dots. If there is no need to adjust the signal, a 
setting of either (0, 0, 0, 0) or (1, 0, 0, 0) will do. 



Table 12 Pins, Data Bits of R9, and Fine Adjustment 



Pin F3 


F2 


PI 


F0 


. Number of Dots 


R9Bit 3 


2 


1 





Adjusted 

























1 


-1 




1 


1 





-6 




1 


1 


1 


-7 


1 






















1 


+1 




1 


1 





+6 




1 


1 


1 


+7 



Note: To use pins to adjust the display timing signal, 
set the ADJ pin to 1 . 
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< — Display start position 



CRT data 



DISPTMG 



^ yc x x "X yc 



i Two dots advanced 



before adjustment 

Display timing adjustment 
(F3,F2,F1,F0)or 
(Data bits 3, 2, 1,0 of R9) 
-(1,0,1,0) 




DISPTMG — 
after adjustment 



(1) Delaying DISPTMG 



CRT data 



DISPTMG 



before adjustment 



DISPTMG — 
after adjustment 



- Display start position 
i 



Two dots delayed 



I 




Display timing adjustment 
(F3,F2,F1,F0) or 
(Data bits 3, 2, 1,0 of R9) 
-(0,0,1,0) 



(2) Advancing DISPTMG 



Figure 16 Adjustment of Display Timing Signal 
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Internal Registers 

The HD66841F has an address register (AR), 16 
data registers (R0-R15), and 8 palette registers 
(P1-P8). Write the address of a register to be used 
into the address register (AR), but only after setting 
the PS bit of control register 1 (RO) to for a data 
register or 1 for a palette register. The MPU 
transfers data to the register corresponding to the 
written address. 

Registers are valid only in the internal register 
programming method, they are invalid (don't care) 
in the pin programming method. 

The 4-bit address register (figure 17) is used to 
select one of the 16 data registers or 8 palette 
registers. It can select any data register or palette 
register according to the register address written to 
it by the MPU. The addres register itself is 
selected if the RS signal is set low. 



Control register 1 (figure 18) is composed of four 
bits whose functions are described below. 

• DIZ bit: Changes the method used to control the 
gray-scale display of a checker-board pattern. 

- DIZ = 0: Data thinned out on a dot basis every 
frame 

- DIZ = 1: Data thinned out on a frame basis 
every frame 

• PS bit: Specifies access to data registers 
(R0-R15) or palette registers (P1-P8). 

In MPU programming mode: 

- PS = 0: Specifies access to data registers 
(R0-R15) only. 

- PS = 1: Specifies access to palette registers 
(P1-P8) only. 



Address Register (AR) 



AR 



Data bit 


3 


2 


1 





Value 





■ — Register address 



Figure 17 Address Register 



Control Register 1 (RO) 



RO 



Data bit 


3 


2 


1 





Function 


DIZ 


PS 


DSP 


DCK 



Figure 18 Control Register 1 
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This register can be always accessed regardless of 
the PS bit setting, but it cannot be read after the PS 
bit is set to 1. Read it when PS is 0. 

In ROM programming mode: Data for LVIC-II 
internal data registers can be written into $0001 to 
$000F when bit 2 (the PS bit) of $0000 is set to 0. 
Data to be set into palette registers can be written 
into $0011 to $0018 when the PS bit of $0010 is set 
to 1 (figure 19 (a)). 



• DSP bit 

- DSP = 1: The DISPTMG signal is generated 
internally. 

- DSP = 0: The DISPTMG signal is supplied 
externally. (However, note that if DCK is 1, 
the DISPTMG signal is generated internally 
even if DSP is 0.) 

• DCK bit 

- DCK = 1: The DOTCLK signal is generated 
internally. 

- DCK = 0: The DOTCLK signal is supplied 
externally. 



(ROM 

addresses 

A0-A4) 



1 PS bit 

Not 
used 



Data bit No. 
3 2 10 



$0000 



$0010 



$0018 
$0019 

$001 F 



R0 



Internal 

data 

registers 



] 



R0 

Palette 
registers 



Figure 19 PS Bit Functions in ROM Programming Method 
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Control Register 2 (Rl) 

Control register 2 (figure 20) is composed of four 
bits whose functions are described below. 

• MC bit: Specifies M signal alternation. 

- MC = 1: The M signal alternates every line. 

- MC = 0: The M signal alternates every frame. 

• DON bit: Specifies whether the LCD is on or 
off. 

-DON=l:LCDon 

- DON = 0: LCD off 

• MS 1 , MSO bits: Specify buffer memory type. 

- (MSI, MSO) = (0, 0): No memory 

- (MSI, MSO) = (0, 1): 8-kbytes memory 

- (MSI, MSO) = (1, 0): 32-kbytes memory 

- (MSI, MSO) = (1, 1): 64-kbytes memory 

Vertical Displayed Lines Register (R2, R3, High- 
Order 2 Bits of R4) 

The vertical displayed lines register (figure 21) is 
composed of ten bits (R2, R3, and the high-order 



two bits of R4). It specifies the number of lines 
displayed from top to bottom of the screen, called 
the number of vertical displayed lines. This 
register can specify both even and odd numbers in 
single screen modes with Y-drivers positioned on 
one side, i.e., in display modes 2, 4, and 7-9, but 
can specify only even numbers in other modes. 
The value to be written into this register is Nvd - 1, 
where Nvd is the number of vertical displayed 
lines. 

CL3 Period Register (Low-Order 2 Bits of R4, R5) 

The CL3 period register (figure 21), is composed 
of six bits (R5 and the low-order two bits of R4). It 
specifies the CL3 signal period in 8-color display 
modes with horizontal stripes (display modes 
13-15), so it is invalid in other modes. CL3 is the 
clock signal used by the LVIC-II to output RGB 
data separately to LCD drivers. The value to be 
written into this register is Npc - 1, i.e., (Nhd + 6) 
x 1/3 - 1, where Nhd is the number of horizontal 
displayed dots x 1/8. If (Nhd + 6) is not divisible 
by 3, round it off. 



R1 



Data bit 


3 


2 


1 





Function 


MC 


DON 


MS1 


MSO 



Figure 20 Control Register 2 



R4 



R2 



Y 



R3 



R4 



R5 



Data bit 


3 


2 


3 


2 


1 





3 


2 


1 





1 





3 


2 


1 




Value 










Nvd 


-1 












Npc-1 

= (Nhd + 6)x1/3- 


-1 





Vertical displayed lines register (Unit: lines) 

Nvd: Number of vertical displayed lines 
Npc: CL3 period = (Nhd + 6) x 1/3 
Nhd: Number of horizontal displayed characters 
(number of horizontal displayed dots x 1/8) 



CL3 period register 
(Unit: characters) 



Figure 21 Vertical Displayed Lines Register and CL3 Period Register 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 683 



HD66841F 



Horizontal Displayed Characters Register (R6, 
R7) 

The horizontal displayed characters register (figure 
22) is composed of eight bits (R6, R7). It specifies 
the number of characters displayed on one 
horizontal line, called the number of horizontal 
displayed characters. 



This register can specify even numbers only. In 
dual-screen modes (display modes 1, 6, and 16), 
the most significant bit of this register is invalid. 
When writing into this register, shift (Nhd - 1) in 
the low-order direction for one bit to cut off the 
least significant bit Figure 23 shows how to write 
a value into the register when Nhd = 90. 



R6 



R7 



Data bit 


3 


2 


1 





3 


2 


1 





Value 





Nhd - 1 without its least signifiemt bit (Unit: characters) 



Figure 22 Horizontal Displayed Characters Register 



R6 



v 



TV 



90-1 =89 



R7 



Data bit 


3 


2 


1 





3 


2 


1 





Value 








1 





1 


1 









10 11 



I Cut off 

I 



i 



Figure 23 How to Write the Number of Horizontal Displayed Characters 
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GL3 Pulse Width Register (R8) 

The 4-bit CL3 pulse width register (figure 24) 
specifies the high-level pulse width of the CL3 
signal. In TFT-type LCD modes, a data hold time 
is necessary and it is determined by the high-level 
pulse width of the CL3 signal. The CL3 signal is 
output with the high-level pulse width specified by 
this register even when the LVIC-II is not in a TFT- 
type LCD mode. 



Fine Adjust Register (R9) 

The 4-bit fine adjust register (figure 25) adjusts the 
externally supplied display timing signal 
(DISPTMG) to synchronize its phase with that of 
LCD data. The value to be written into this register 
depends on the interval between the rising edge of 
the DISPTMG signal and the display start position. 
For more details, refer to the Display Timing 
Signal Fine Adjustment section and table 12. This 
register is invalid if the DISPTMG signal is 
generated internally, that is, if either the OCK bit or 
the DSP bit of control register 1 (RO) is 1. 



R8 



Data bit 


3 


2 


1 





Value 





(Unit: Characters) 



— In TN-type LCD modes: Npw 

— In TFT-type LCD modes: Npw - 5 

Npw: High-level pulse width of the CL3 signal 

(number of dots while the CL3 signal is high x 1/8) 



Figure 24 CL3 Pulse Width Resister 



R9 



Data bit 


3 


2 


1 





Function and Value 







Absolute value of Nda (Unit: Dots) 

: - (advances the DISPTMG signal) 

- (delays the DISPTMG signal) 



Polarity selection 



Nda: Number of dots adjusted 



Figure 25 Fine Adjust Register 
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PLL Frequency-Division Ratio Register (RIO, Rll) 

The 8-bit PLL frequency-division ratio register 
(figure 26) specifies the PLL frequency-division 
ratio used for generating dot clock pulses by a PLL 
circuit. The PLL frequency-division ratio is the 
ratio of the DOTCLK signal's frequency to the 
horizontal synchronization signal's (HSYNC) 
frequency. The LVIC-II generates the DOTCLK 
signal according to this ratio. This register is 
invalid if the DOTCLK signal is supplied 
externally, i.e., it is valid only in the internal 
register programming method when the DCK bit of 
control register 1 (RO) is 0. 

The value to be written into this register is N PLL - 
731, where Npll *s the PLL frequency-division 
ratio which can be obtained from the following 
equation: 

N PLL -731=Nchtxn-731 

Ncht: Total number of horizontal characters on 
CRT (Total number of horizontal dots on 
CRTxl/n) 

n: Horizontal character pitch (number of 
horizontal dots making up a character) 



Ncht can be also obtained from the CRT monitor 
specifications as follows; 

Ncht = 1/n x (DOTCLK frequency/HS YNC 
frequency) 

Vertical Backporch Register (R12, R13) 

The 8-bit vertical backporch register (figure 27) 
specifies the vertical backporch which is the 
number of lines between the active edge of the 
vertical synchronization signal (VSYNC) and the 
rising edge of the display timing signal 
(DISPTMG), if the DISPTMG signal is generated 
internally. For details on the vertical backporch, 
refer to the Display Timing Signal Generation 
section and figure 9. 

This register is invalid if the DISPTMG signal is 
supplied externally. It is valid only in the internal 
register programming method when the DSP bit of 
control register 1 (RO) is 1. However, note that if 
the DCK bit of control register 1 (RO) is 1, the 
DISPTMG signal will always be generated 
internally so this register is enabled even if the DSP 
bit of control register 1 (RO) is 0. 



R10 



R11 



Data bit 


3 


2 


1 





3 


2 


1 





Value 


Npll-731 



n pll : PU - frequency-division ratio 

- DOTCLK frequency/HSYNC frequency 



Figure 26 PLL Frequency-Division Ratio Register 



R12 



R13 



v 



Data bit 


3 


2 


1 





3 


2 


1 





Value 


Ncvbp-1 



(Unit: Lines) 



Ncvbp: Vertical backporch « number of lines between the active edge of 
the VSYNC signal and the rising edge of the DISPTMG signal (the 
SPS pin must be set high if the VSYNC signal is active-high or 
low if it is active-low) 

Figure 27 Vertical Backporch Register 
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Horizontal Backporch Register (R14, R15) 

The 8-bit horizontal backporch register (figure 28) 
specifies the horizontal backporch which is the 
number of dots between the rising edge of the 
HSYNC signal and that of the display timing signal 
(DISPTMG), if the DISPTMG signal is generated 
internally. For details on the horizontal backporch, 
refer to the Display Timing Signal Generation 
section and figure 9. 



This register is invalid if the DISPTMG signal is 
supplied externally. It is valid only in the internal 
register programming method when the DSP bit of 
control register 1 (RO) is 1. However, note that if 
the DCK bit of control register 1 (RO) is 1, the 
DISPTMG signal will always be generated 
internally so this register is enabled even if the 
DSP bit of control register 1 (RO) is 0. 



R14 



R15 



Data bit 


3 


2 


1 





3 


2 


1 





Value 


Nchbp-1 



(Unit: Dots) 



Nchbp: Horizontal backporch = number of dots between the rising edge of 
the HSYNC signal (just before the rising edge of the DISPTMG 
signal) and the rising edge of the DISPTMG signal 



Figure 28 Horizontal Backproch Registers 
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Palette Registers (P1-P8) eight colors provided by RGB signals. Use these 

registers to enable an 8-level gray-scale display 
The eight 4-bit palette registers (figure 29) each appropriate to the characteristics of the LCD panel, 
specify one of 13 gray-scale levels for one of the 



P1-P8 



Data bit 


3 | 2 | 1 | 


Value 





Value 



1 



Effective 
voltage 



1/7 



1/5 



1/4 



1/3 



2/5 



1/2 



3/5 



2/3 



3/4 



4/5 



Gray scale 




6/7 



Figure 29 Palette Registers 
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Reset 



The RES signal resets and starts the LVIC-II. The 
reset signal must be held low for at least 1 \xs after 
power-on. 

Reset is defined as shown in figure 30. 
State of Pins after Reset 

In principle, the RES signal does not control output 
signals and it operates regardless of other input 
signals. Output signals can be classified into the 
following five groups, depending on their reset 
states: 

• Retains pre-reset state: CL2, A0-A4 

• Driven to high-impedance state (or fixed low if 
no memory is used): RD0-RD7, GD0-GD7, 
BD0-BD7 

• Fixed high: MWE, CL4, M, CU, CD, MCS1, 

• Fixed low: MA0-MA12, R0-R3, G0-G3, 
BO-B3,CL3,FLM 

• Fixed high or low, depen ding on memory used 
(table 13): MA13-MA15, MCSO 



State of Registers after Reset 

The RES signal does not affect data register 
contents, so the MPU can both read from and write 
to data registers, even after reset. Registers will 
retain their pre-reset contents until they are 
rewritten. 

The palette registers, however, are usually set to 
their default values by a reset. For the default 
values, refer to the Gray-Scale Palette section and 
table 11. 

Memory Clear Function 

After a reset, the LVIC-II writes 0s in the memory 
area specified by pins or register bits MSO and 
MSI (table 7). 



RES 




At reset 




During reset 
(Reset state) 



After reset 



Figure 30 Reset Definition 
Table 13 State of Pins after Reset and Memory Type 



Memory Type 


MA13 


MA14 


MA15 


MCSO 


No memory 


Low 


Low 


High 


High 


8-kbytes memory 


High 


High 


High 


Low 


32-kbytes memory 


Low 


Low 


High 


Low 


64-kbytes memory 


Low 


Low 


Low 


Low 
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User Notes 

1. The following limitations are imposed if no 
memory is used (MSO = 0, MS 1 = 0): 

• Dual-screen display modes (modes 1, 6, and 
16) are disabled. 

• LCD systems with Y-drivers on both sides are 
disabled, even if a mode for a system with Y- 
drivers on both sides (mode 3, 5, 10, 12, or 
14) is selected; the LVIC-II operates in exactly 
the same way as in the corresponding mode 
for a system with Y-drivers on one side (mode 
2, 4, 9, 11, or 13). The CL4 pin must be left 
disconnected in this case. 

2. With the internal register programming method, 
the operation of the LVIC-II after a reset cannot 
be guaranteed until its internal registers have 
been written to. 



3. The memory clear function might not work 
normally at power-on or after a reset if the MSO 
and MSI pins or bits are not set correctly to the 
value corresponding to the type of memory 
being used. 

4. Since the LVIC-II is a CMOS LSI, input pins 
must not be left disconnected. Refer to the Pin 
Description and table 1 for details on pin 
handling. 

Programming Restrictions 

The values written into the LVIC-IFs internal 
registers have the limits listed in table 14. The 
symbols used in table 14 are defined in table 15 
and figure 31. 
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Table 14 Limits on Register Values 



Applicable 



Item 


Limits 


Notes 


Registers 


Screen 


4 £ Nvd £ (Ncvbp + Ncvsp) - 1 S 1 024 




R2, R3, R4, 


configuration 


4 £ Nhd S (Nchbp x 1/n + Nchsp) - 1 * 506 


1,2 


R6, R7 




(Nhd + 6) x n x Nvd x f FLM < f dotclk £ 


1,3 


R2, R3, R4, 




30MHz 




R6, R7 


CL3 signal 


1 <Npw<(Nhd + 6)/2-1 


4 


R4, R5, R6, 


control 


1<Npw<Nhd 


5 


R7, R8 




1 < Npw < Npc - 1 


6 




DISPTMG signal 


1 < Nchbp < 256 


7 


R12, R13 


generation 


1< Ncvbp < 256 


7 


R14, R15 


No memory 


4 < Nhd < Nchsp -4 


8 


R2, R3, R4, 




4 < Nvd < Ncvsp -1 


8 


R6, R7 



Notes: 1 . Lowercase n indicates the horizontal character pitch which is the number of horizontal dots 
composing a character. 

2. Nhd £250 in the dual screen modes (display modes 1,6, and 16). 

3. f FLM is the FLM signal frequency and f dotclk is tne CRT display dot clock (DOTCLK) frequency. 

fLDOTCK < * DOTCLK x 15/16 or ^LDOTCK - ^DOTCLK 

( f LDOTCK is tne LCD dot c,ock (LDOTCK) frequency) 

4. In display modes 1, 2, 4, and 6-8 

5. In display modes 3, 5, and 9-12 when Npw - (value in R8) + 5 

6. In display modes 13-15 when Npw - (value in R8) + 5 

7. (Value in R1 4 and R1 5) £ (Nchsp x n + Nchbp) - Nhd x n - 2 
(n = horizontal character pitch) 

(Value in R12 and R13) £ (Ncvsp + Ncvbp) - Nvd - 2 

8. Nht - Nchsp + (Nchbp x 1/n), Nvd < Ncvbp + Ncvsp 
(Nht « (Nhd + 6) if buffer memory is used) 

(n = horizontal character pitch) 
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Table 15 Symbol Definitions 



Symbol 


Definition 


Nchd 


Number of horizontal displayed characters on the CRT display (number of horizontal 




displayed dots on the CRT display x 1/8) 


Nchsp 


Number of characters between the rising edge of the DISPTMG signal and that of the HSYNC 




signal (number of dots between the rising edge of the DISPTMG signal and that of the 




noTiMv signal x i/oj y* nonzonicu syncnronizauon position j 


Nchbp 


iMumoer ot oois oetween me rising eoge ot tne motnu signal ana tnat ot tne uior i Mo 




signal (just after the rising edge of the HSYNC signal) (« horizontal backporch) 


NCVDp 


Number of lines between the active edge of the VSYNC signal and the rising edge of the 




DISPTMG signal (just after the active edge of the VSYNC signal) (- vertical backporch) 




iMUfiiutfi ui iiiicjo umwooii ii lo rising ©uy© ui in© l/ioi i ivio oiynai ana in© aciiv© ©ay© ui in© 




VSYNC signal (= vertical synch position) 


Ncvd 


NlumKor nf vortical HicnlavoH linoQ on tho f^RT Hicnlaw 
muiiiuoi \Ji wiiiwcii uiojJioyou in loo vjii in© vn i urc>|>siay 


Nhd 


Number of horizontal displayed characters on the LCD (number of horizontal displayed dots 




on in© Lvu x i/o) 


Npc 


Number of characters during one CL3 signal period (number of dots during one CL3 signal 




period x 1/8) 


Npw 


Number of characters while the CL3 signal is high (number of dots while the CL3 signal is 




high x 1/8) 


Nht 


Number of characters during a CL1 signal period (number of dots during a CL1 signal period 




x 1/8) 


Nvd 


Number of vertical displayed lines on the LCD 
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DOTCLK 
DISPTMG 

HSYNC 

VSYNC 
DISPTMG 



jtjtji nn.„n ....jul 



Nchd 



Nchsp 



Nchbp 



Ncvbp 



mm mm 

Ncvsp 



Ncvd 



CL2 




n_n_n_ 


n 


ru~L 


CL1 






n 






^ Nhd 


^ 




CL1 


1 




n 



CL3 





Npw 


r 


Npc 


Tt 




« N 



FLM HL 



CL1 



LTLTL 



.JT 



rLTUl 



Nvd 



(Note) 



Note: For a dual screen, the Nvd period is doubled. 



Figure 31 Symbol Definitions 
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Comparisons with HD66840F 



Gray-Scale Generation Method 

The HD66840F shifts display data so that data on 
different lines will be thinned out in different 
frames, but the HD66841F shifts display data 
further so that data on different dots will be thinned 
out in different frames. This reduces deterioration 
of display contrast. 

Display Mode 

Mode 16 of the HD66840F (for 8-color display 
with horizontal stripes and X- and Y-drivers 
positioned on both sides of the LCD) has been 
modified into the following new mode in the 
HD66841F: 



Mode number: 
Pin setting: 

Display colors: 
LCD data output: 

LCD driver settings: 

Stripes: 

Alternation mode: 



16 

(DM3, DM2, DM1, DM0) = 

(1,1,1,1) 

8 colors 

- 12-bit-based data transfer 
-Dual screen configuration 
X-drivers and Y-drivers set 
on one side 
Vertical 
Every frame 



In this mode, the HD66841F outputs upper screen 
data and lower screen data alternately, as shown in 
figure 32. In this case, the CL2 frequency is one 
quarter of the LDOTCK frequency. 



CL2 



Ffc-fO 



G3-G0 



B3-B0 



l_l — L 



r 



U: Upper screen data 
L: Lower screen data 



Figure 32 Operation in New HD66841F Mode 16 
Table 16 Gray-Scale Palette 





HD66840F 


HD66841F 


Numbers of registers 


16 


24 






(palette registers have been added to the 






HD66840's registers) 


Selection of correspondence 
between CRT display colors 

and gray-scale levels 


Impossible 


Possible 

(any of 13 levels assignable to each 
of 8 colors) 
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Absolute Maximum Ratings 



Item 


Symbol 


Ratings 




Unit 


Power supply voltage 


Vcc 


-0.3 to 7.0 




V 


Input voltage 


V in 


-0.3 to V cc + °-3 




V 


Operating temperature 


T"opr 


-20 to +75 






Storage temperature 


T stg 


-55 to +125 




°C 


Notes: 1 . Permanent LSI damage may occur if maximum ratings are exceeded. 

Normal operation should be under recommended operating conditions (V cc * 5.0V ± 10%, 
GND - V, Ta » -20°C to +75°C). If these conditions are exceeded, LSI reliability may be 
affected. 

2. All voltages are referenced to GND - V. 


Electrical Characteristics 










DC Characteristics (V cc = 5.0 V ± 10%, 


GND = V, Ta = -20°C to +75°C, unless otherwise noted) 


Item 


oymDOi 


Min Mav 
Mill IvlaX 


1 In it 

unit 


lest wonaiiions rioie^sj 


Input high voltage 










RES pin 


V, H 


V CC -0.5 V cc + 0.3 


V 




TTL interface pins 




2.0 V cc + 0.3 




1 


TTL interface pins 




2.2 V CC + 0.3 




4 


CMOS interface pins 




0-7 V cc V cc + 0.3 




1 


Input low voltage 










TTL interface pins, RES pin 


V, L 


-0.3 0.8 


V 


1 


TTL interface pins 




-0.3 0.6 




5 


CMOS interface pins 




-0.3 0.3 V cc 




1 


Output high voltage 










TTL interface pins 


VOH 


2.4 — 


V 


l OH - -200 \iA 2 


CMOS interface pins 




V CC -0.8 — 




Iqh - -200 uA 


Output low voltage 










TTL interface pins 


Vol 


— 0.4 


V 


l OL - 1 .6mA 2 


CMOS interface pins 




— 0.8 




I l * 200U.A 


Input leakage current 










All inputs expect 


Iil 


-2.5 2.5 




3 


I/O common pins 










Three-state (off-state) 
leakage current 










I/O common pins 


'tsl 


-10.0 10.0 


HA 


3 


Power dissipation 


Ice 


— 250 


mW 


^DOTCLK 88 30 MHZ, 

output pins left 



disconnected 
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Notes: 1 . TTL interface inputs: R, G, B, HSYNC^ VSYNC, DISPTMG, RD0-RD7, GD0-GD7, BD0-BD7, 
D0-D3, AO/RD/XDOT, RS/ADJ/A4, CS/MSO 

CMOS interface inputs: DM0-DM3, DOTE, PMODO, PMOD1 , A1/YL0-A3/YL2 

2. TTL interfac e inputs : AO/RP/XDOT , A1/YLO-.A3/YL2, D0-D3, RD0-RD7, GD0-GD7, BD0-BD7, 
MA0-MA15, MCSO, MCS^ MWE, RS/ADJ/A4 

CMOS interface inputs: CU, CD, R0/LU0-R3/LU3, G0/LD0-G3/LD3, B0-B3, M, FLM, CL1, CL2, 
CL3.CL4 

3. I/O common pins: AO/RD/XDOT, A1/YL0-iA3/YL2, D0-D3, RD0-RD7, GD0-GD7, BD0-BD7, 
RS/ADJ/A4 _ 

Input s other than I/O common pins: HSYNC, VSYNC, PMODO, PMOD1, CS/MSO, WR/MS1, 
RES, DOTE , DM0-DM3, LDOTCK, DOTCLK, R, G, B, DISPTMG 

4. TTL interface inputs: WR/MS1 , LDOTCK, DOTCLK 

5. TTL interface inputs: WR/MS1 
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AC Characteristics (V cc = 5.0 V ± 10%, GND = V, Ta = -20°C to +75°C) 
Video Signal Interface 



Kern 


Symbol 


Min 


Max 


Unit 


Reference 


DOTCLK cycle time 


tCYCD 


33 


1000 


ns 


Figure 33 


DOTCLK high-level pulse width 


*WDH 


16.5 


— 


ns 




DOTCLK low-level pulse width 


tWDL 


16.5 


— 


ns 




DOTCLK rise time 


ton 


— 


5 


ns 




DOTCLK fall time 


*Df1 


— 


5 


ns 




RGB setup time 


tVDS 


10 


— 


ns 




RGB hold time 


*VDH 


10 


— 


ns 




DISPTMG setup time 


x dts 


10 


— 


ns 




DISPTMG hold time 


*DTH 


10 




ns 




HSYNC setup time 


tHSS 


10 




ns 




HSYNC hold time 


*HSH 


10 




ns 




Phase shift setup time 


tpDS 


2t CYCD 




ns 




Phase shift hold time 


tpDH 


2 tCYCD 




ns 




Input signal rise time 


*Dr2 




10 


ns 


Figure 33 


Input signal fall time 


*Df2 




10 


ns 


except for DOTCLK 
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R, G, B 



HSYNC 



*HSS 



2W" 

1.8 V 



DISPTMG 



HSYNC 



_/ ^d£l_y N / / \_ 



T DTH ^ ^ »D" 



"T6T 

0.8 V 



J? -HI* 



22E- 



A 



0.8 V 



Figure 33 Video Signal Interface 
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Buffer Memory Interface 



Item 


Symbol 


Mln 


Unit 


Reference 


Read cycle time 




5 tcYCD ~ 50 


ns 


Figures 34 and 35 


RD0-RD7, GD0-GD7, BD0-BD7 
data setup time 


*SMD 


25 


ns 




RD0-RD7, GD0-GD7, BD0-BD7 
data hold time 


*HMD 





ns 




Write cycle time 


*wc 


6 tcYCD ™ 50 


ns 




Address setup time 


V/ias 


*CYCD ^0 


ns 




Address hold time 


*WR 


*CYCD "" ^o 


ns 




Chip select time 


*cw 


4 tcYCD 40 


ns 




Write pulse width 


t W p 


4 tcYCD ~ 40 


ns 




RD0-RD7, GD0-GD7, BD0-BD7 
output setup time 


*SMDW 


2 *CYCD ~~ 25 


ns 




RD0-RD7, GD0-GD7, BD0-BD7 
output hold time 


^HMDW 





ns 





Note: t CY cD is the DOTCLK cycle time (min 33 ns, max 1000 ns). 



MA0-MA15 



MCS0, MCS1 



RD0-RD7, 

GD0-GD7 

BD0-BD7 
(Memory ->LVIC) 



Readl 
tpc 



^ ,^2.4V 



*SMD 



T 2 (=5t CYC0 ) 



Read 2 

tRC 



Ihmd 



tSMD 



T 3 (=6t cyco ) 



Write 



Tt 



Readl 



X 



^HMD 




Figure 34 Buffer Memory Interface (RAM read timing) 
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T 2^ 5t CVCD ) 



DOTCLK 



MCS0.MCS1 
(Read) 



MCSO, MCS1 

(Write) 

MAE 



24V 
OBV 



24 V 
OBV 



RD0-RD7,GD0-<3D7 

BD0-BD7 

(LVIC-!i-> Memory) 



X 



24 V 
08V 



24 V 

oav 



•24 V 
OBV 



* — H 



Ah 



t HVCW 



Ti("5tcvcp) 



Figure 35 Buffer Memory Interface (RAM write timing) 



LCD Driver Interface 
TN-Type LCD Driver 



Item 


Symbol 


Min 


Max 


Unit 


CL2 cycle time 


twCL2 


166 




ns 


CL2 high-level pulse width 


twCL2H 


50 




ns 


CL2 low-level pulse width 


twCL2L 


50 




ns 


CL2 rise time 


tCL2r 




30 


ns 


CL2 fall time 


tCL2f 




30 


ns 


CL1 high-level pulse width 


twCUH 


200 




ns 


CL1 rise time 


tCLlr 




30 


ns 


CL1 fall time 


tCLlf 




30 


ns 


CL1 setup time 


tsCU 


500 




ns 


CL1 hold time 


VlOLl 


200 




ns 


FLM hold time 


«HF 


200 




ns 


M output delay time 


*DM 




300 


ns 


Data delay time 


ho 


-20 


20 


ns 


LDOTCK cycle time 


tWLDOT 


41 




ns 



Reference 



Figures 36 and 37 



Note: AH values are measured at f C L2 38 6 MHz. 
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TFT-T^pe LCD Driver 

Item Symbol Mln Max Unit Reference 

CL2 cycle time t TCL2S 133 — ns Figures 38 and 39 

(X-drivers on one side) 

CL2 high-level pulse width *tci_2HS 30 — ns 
(X-drivers on one side)) 

CL2 low-level pulse width tj CL2 L S 30 — ns 
(X-drivers on one side) 

CL2 cycle time tjcL2D 266 — ns 
(X-drivers on both sides) 

CL2 high-level pulse width tjQL2HD 30 — ns 
(X-drivers on both sides) 

CL2 low-level pulse width ^TCL2LD 80 ~" ns 
(X-drivers on both sides) 

CL2 rise time tcL2r — 30 ns 

CL2 fall time to_2f ~ 30 ns 

CL1 high-level pulse width t TCL1H 200 — ns 

CL1 rise time tcur — 30 ns 

CL1 fall time tout — 30 ns 

Data delay time t DDl -20 20 ns 

Data setup time Xiqs 15 — ns 

Data hold time ^ldh 15 — ns 

CL1 setup time trscu 500 — ns 

CL1 hold time tj H cLi 200 — ns 

CL3 delay time tocL3 50 — ns 

M delay time t DM — 300 ns 

FLM hold time tjpn 200 — ns 

LDOTCK cycle time %ldot 33 — ns 
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HD6&641F 



10.7 V c 



CL2 



R#-R3,G0-G3 
B0-B3 




CL1 



" *CL2f 



>sczx 



— 0.3 Voc 

— H U ^CLIr * 



X 



*— *CL1f 



XIDCDCDC 



X0.7V«. 



0.7 



Figure 36 TN-Type LCD Driver Interface 



CL1 



I I I I I I M I U I I I I I I I I U I I I I I I I 



FLM 



Jl 



Jl 



Jl 



!(MC bit = 0) _[* 



M (MC bit 



— UTJTnJlgn_JT^^ 



Figure 37 CL1, FLM, and M (expanded detail of figure 36) 
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X-drivers on 
one side 
CL2 



t TCL2S 




Ro-m 

G0-G3 
B0-B3 

X-drivers on 
both sides 



— y y 

03Vcc A A 



CL2 



R0-R3 
G0-G3 
BO-B3 



CL1 



CL3 



FLM 



tiCl2D 



tTCL2HD 



JT \0-3Vcc 7 



tTCL2LO 



^IPH JlDS. 



\ 



X 



tTSCU 



X 



t THCL1 



f 



0.7 Vcc 
0.3 Vcc 



DCL3 

0.3 Vcc 



"V 0-7 Vcc 



0.7Vcc 
0.3 Vcc 



Figure 38 TFT-T^pe LCD Driver Interface 




Figure 39 CL1, CL3, CL4, FLM, and M in Horizontal Stripe Modes (expanded detail of figure 38) 
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Register Programming 
MPU Interface 



Item 


Symbol 


Mln 


Max 


Unit 


RD high-level pulse width 


tyvRDH 


190 




ns 


RD low-level pulse width 


tyVRDL 


190 




ns 


WR high-level pulse width 


^WWRH 


190 




ns 


WR low-level pulse width 


*WWRL 


190 




ns 


CS, RS setup time 


Us 







ns 


CS, RS hold time 


Uh 







ns 


D0-D3 setup time 


tosw 


100 




ns 


D0-D3 hold time 









ns 


D0-D3 output delay time 


X DDR 




150 


ns 


D0-D3 output hold time 


*DHR 


10 




ns 



Reference 



Figure 40 



cs 

RS 



RD 



WR 



2.0 V \Jf" 
0-8V 



D0-D3 1 



3£ 



tAS 



2.0 V 
0.8 V 



X VDR 



tWRDL 



twWEH 



Uh 



Us 



2.0 V 
O.fi 



*WRDH 



twWEL 



*DSW 



tAH 



Figure 40 MPU Interface 
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ROM Interface 



Item 


Symbol 


Min 


Max 


Unit 


Reference 


A signal cycle time 


tCYCA 


528 




ns 


Figure 41 


A signal rise time 


Ur 




100 


ns 




A signal fall time 


Uff 




100 


ns 




D signal ROM data setup time 


tDSWD 


120 




ns 




D signal ROM data hold time 


feHWD 







ns 




Note: t CY cA - 1 6 tcYCD ^cycd" DOTCLK cycle time) 



A0-A4 — 
(LVIC-»ROM) 



l CYCA 



D0-D3 

(ROM->LVIC) 



Valid 



X 



Valid 



X 



X 



20 V 
0.8 V 



Valid 



X 



Figure 41 ROM Interface 



PLL Interface 



Item 


Symbol 


Min 


Max 


Unit 


Referenc2 


CU fall delay time 


tut 




80 


ns 


Figure 42 


CU rise delay time 


tUr 




80 


ns 




CD fall delay time 


tbf 




80 


ns 




CD rise delay time 


t D r 




80 


ns 




Reset Input 
Item 


Symbol 


Min 


Max 


Unit 


Reference 


Reset input pulse width 


tRES 


1 




us 


Figure 43 
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DOTCLK 



HSYNC 



s 



<m-» 



(WV, 



Load Circuits 



Figure 42 PLL Interface 




Figure 43 Reset Input 



TTL Load 
Pins 



Remarks 



MA0-MA15, MWE, MCSO, MCS1, 
BD0-BD7, GD0-GD7, RD0-RD7 



2.4 kft 11 kQ 40 pF tr, tf: Not specified 



AO/RD/XDOT, A1/YL0-A3/YL2, 
A4/RS/ADJ 



2.4 kfl 11 ka 40 pF tr, tf: Specified 



Capacitive Load 



Pins 


C 


Remarks 


CL1.CL2 


40 pF 


tr, tf: Specified 


R0-R3, G0-G3, B0-B3, FLM, 


40 pF 


tr, tf: Not specified 


M, CU, CD, CL3, CL4 
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77T 



Figure 45 Capacitive Load Circuit 
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H D66850 F 

Color LCD Interface Engine (CLINE) 



Description 

The HD66850F CLINE interface controller 
converts multi-color video signals for CRT display 
into color or monochrome LCD data. 

This device enables an LCD system to replace a 
CRT display system without any changes to the 
original display system. It automatically adapts to 
display modes of the IBM- VGA (Video Graphics 
Array™) system, facilitating the configuration of 
an LCD system. 

The CLINE can control TN-type (Twisted rematic) 
color and monochrome LCDs and can display a 
maximum of 4096 color levels or 16 gray levels. 

Note: Video Graphics Array is a trademark of 
International Business Machines Corpor- 
ation, U.S.A. 



Features 

• Various LCD panel sizes supported 

— 640 or 720 dots wide 

— 32 to 512 lines high 

• Programmable display size 

— 32 to 720 dots wide 

— 32 to 512 lines high 

• Easy-to-see display 

— Centering 

— Stretching (display stretched to fill out the 
panel) 

• Improved gradation display quality using the 
pulse width modulation method 

• Desired gradation levels assignable to each 
display color through the use of internal 
gradation level palettes 

• Changeable LCD frame frequency 

— Through the use of a multi-port RAM frame 
buffer 

— Within the range of 1/2 to 2 times of CRT 
display dot clock frequency 

• High-speed operating frequency: 32 MHz 
(CRT display dot clock) 

• Recommended LCD drivers: HD66106 and 
HD66107T (column and common drivers) 

• Single power supply: +5 V 

• 1 36-pin flat plastic package (FP- 1 36) 
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Pin Arrangement 



8|23 



<<>QQQQQQQQ>333ZDDD^3_iZj_J_J 
nnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnnn 



RO 
R1 
R2 
R3 
GO 
G1 
G2 
G3 
(NOTE) C 
BO C 
B1 C 
B2 C 
B3 C 

Vcci C 
DOTCLK C 
GND1 C 
LDOTCK C 
MSO 
MS1 
MS2 
MS3 
MS4 
MS5 
MS6 
MS7 
MS8 
MS9 
MS 10 
MS11 
MS12 
MS 13 
MS14 
MS15 
VCC2 



c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

C 34 



"102 3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
2 
2 
2 
2 
2 

69 3 



UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU UUL) 



!!g|-|£|^H 88588288&88SS5SS 

2 2 2 2 olSfeloiolSIS > 2 22222222222222 




Note: Pin No. 9 is not used; must be fixed low. 
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Pin Description 










"type 


Symbol 


Pin No. 


Pin Name 


I/O 


Function 


Power 
suddIv 


Vcc1- 


14,34, 53, 76, 
88, 115, 124 


Vcc1-V cc 7 


— 


All of these pins must be 
connected to a +5V supply 




GND1 - 
GND8 


16, 46, 70, 82, 
97, 102,131, 136 


GND1 -GND7 


— 


All of these pins must be grounded. 


MPU/ROM 
or program 


D0-D7*1 


(M) 116-123 


DataO-7 


I/O 


Transfer data between internal 
registers and MPU 


interface 


D0-D7*1 


(R) 116-123 


DataO-7 


I 


Input data to internal registers from 
external ROM 




DOTE 


(r) 130 


Dot clock edge 
change 


1 

1 


Switches RGB data latch timing 
High: Data latched at the rising 

edge of DOTCLK pulses 
Low: Data latched at the falling 

edge of DOTCLK pulses 




RD 


(M) 130 


Read 


1 


Inputs a read signal for reading 
data from internal registers 




A5 


(R) 130 


Address 5 


o 


Outouts external ROM address 5 




SP 


(?) 129 


Spread display 
select 1 


1 


Selects either of the following 
disolav size modes 
High: Double - width display 
Low: Normal display 




WR 


(M)129 


Write 


...... 


Inputs a write signal for writing 
data to internal registers 




A4 


(R) 129 


Address 4 


o 


Outputs external ROM address 4 




AJ3 


(P) 128 


Adjust 3 


1 


Adjusts the display timing signal 
(table 1) 




CS 


(M) 128 


Ohio select 


1 


InDuts a chio select sianal to select 
theCLINE 

High: The CLINE not selected 
Low: The CLINE selected 




A3 


(R) 128 


Address 3 


o 


Outputs external ROM address 3 




AJ2 


(P)127 


Adjust 2 


1 


Adjusts the display timing signal 
(table 1) 




RS 


(M)127 


Register select 


1 


Inputs a register select signal to 
select either CLINE data registers 
or index register 
High: Data registers 
Low: The index register 




A2 


(R) 127 


Address 2 


o 


Outputs external ROM address 2 




AJO, AJ1*2 (P)125, 126 


Adjust 0, 1 


1 


Adjust the display timing signal 
(table 1) 




A0,A1 # 2 


(R) 125, 126 


Address 0, 1 


o 


Output external ROM addresses 
and 1, respectively 



(M): For MPU programming method (R): For ROM programming method (P): For pin programming method 
I/O: Input/Output 



HITACHI 

710 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66850F 


Pin Description (cont.) 






Typo 


Symbol 


Pin No. 


Pin Name 


I/O Function 


CRT 


R0-R3* 3 


1 -4 


Red serial data 0-3 


1 Input CRT display R data 


interface 


G0-G3 # 3 


5-8 


Green serial data 0-3 


1 Input CRT display G data or 
monochrome data 




B0-B3* 3 


10-13 


Blue serial data 0-3 


1 Input CRT display B data: For 

monochrome display, B1 selects 16- 
g ray- scale display and BO indicates 
the type of CRT display data input. 
B1 - high: Prohibited 
B1 * low: 1 6-level gray scale 
display 

BO « high: 64-color data input 
BO « low: 1 6-level gray scale 
data input 




DOTCLK 


15 


Dot clock 


I Inputs the dot clock pulses for CRT 
display 




HSYNC 


134 


Horizontal 
synchronization 


I Inputs the CRT horizontal synchro- 
nization signal 




VSYNC 


133 


Vertical 

synchronization 


I Inputs the CRT vertical synchroniza- 
tion signal 



BLANK 135 Blanking I Inputs a display timing siganl 

indicating horizontal or vertical 
display period, or a blank signal 
indicating the display period with 
border area period 



LCD UD4 - 111-114 LCD upper panel data O Output LCD upper panel data or 

interface UD7*« 4-7 Rdata 



UD0- 
UD3*4 


107 


-110 


LCD upper panel data 
0-3 


O 


Output LCD upper panel data or 
G data 


LD4- 
LD7*4 


103 


-106 


LCD lower panel data 
4-7 


O 


Output LCD lower panel data or 
Bdata 


LD0- 
LD3* 4 


98- 


101 


LCD lower panel data 
0-3 


O 


Output LCD bwer panel data or 
I data 


XCL1*4 


96 




X-driver latch clock 


O 


Outputs the LCD data latch clock 
pulses for X-drivers 


YCL1 


95 




Y-driver shift clock 


O 


Outputs the LCD data line shift 
clock pulses for Y-d rivers 


CL2 


94 




Y-d river shift clock 


O 


Outputs the LCD data line shift 
clock pulses for Y-drivers 


FLM 


93 




First line maker 


O 


Outputs the first line maker for 
Y-drivers 



I/O: Input/Output 
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Pin Description (cont) 



Typo 


Symbol 


Pin No. 


Pin Name 


I/O 


Function 


LCD 
interface 


M 


92 


M 


o 


Outputs a signal for converting LCD 
drive signals to AC 




SCLK 


91 


Shift lock 


o 


Outputs clock pulse with a 
frequency identical to CL2 but 
without a retrace period 




DATAE* 4 


90 


Data enable 


o 


Indicates LCD data display period 




DISPONE 


89 


Display on 


o 


Controls LCD on/off 




LDOTCK 


17 


LCD dot clock 


1 


Inputs LCD dot clock pulses 


Buffer 

memory 

interface 


MDO- 
MD15*5 


54-69 


Memory data 0- 15 


o 


Output data to be written to buffer 
memory 


MSO- 
MS15** 


18-33 


Memory serial data 
0-15 


1 


Input data read from buffer memory 




MAO- 
MA7*5 


38-45 


Memory address 
0-7 


o 


Output buffer memory addresses 
0-7 




MA8/ 
SOE1*5 


37 


Memory address 8/ 
serial output enable 1 


o 


Outputs buffer memory address 8 
when 1 -Mbit RAMs are used or 
outputs a serial data output enable 
signal when 256-kbit RAMs are 
used 




SOE0*5 


36 


Serial output enable 


o 


Output a serial data output enable 
signal for buffer memory 




WE*5 


48 


Write enable 


o 


Outputs a write enable signal for 
buffer memory 




DT/OE* 5 


47 


Data transfer/output 
enable 


o 


Outputs a data transfer signal or 
an output enable signal for buffer 
memory 




RASO, 
HS5T5 


51,52 


Row address strobe 0, 
row address strobe 1 


o 


Outputs a row address strobe signal 
for buffer memory 




CAS, 
CASL*5 


49,50 


Column address 
strobe 


o 


Outputs a column address strobe 
signal for buffer memory 




SC*5 


35 


Serial clock 


o 


Outputs serial read clock pulses for 
buffer memory 


Mode 
control 


PMODEO, 
PMODE1 


74,75 


Program mode 0, 
program mode 1 


1 


Select a CLINE programming 
method (table 2) 




LMvJUtU — 
LMODE4 


oo — of 


LXfU mooe u — *k 




oeieci a uispiay moae ^lauie / j 




MMODEO, 
MMODE1 


77,78 


Memory mode 0, 1 


1 


Select a memory configuration 
(table 3) 




SYNC 


73 


Synchronization 


1 


Select a basic clock for LCD 
High: DOTCLK 
Low: LDOTCK 



I/O: Input/Output 
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Pin Description (cont.) 



TA/no 


wjl 1 lUvl 


Pin No. 


Pin Nama 

r III Wall 10 


I/O Punr»tirtn 
1/ w ruiii#iiwii 


Mode 

control 

(cont) 


VMODE 


79 


VGA mode 


1 Specifies a CRT display system 
High: Non- VGA system 
Low: VGA system 




VSIZE 


80 


LCD vertical size 


1 Specifies the vertical size of the 

High: 480 lines 
Low: 400 lines 




HSIZE 


81 


LCD horizontal size 


1 Specifies the horizontal size of the 
LCD panel 
High: 720 dots 
Low: 640 dots 




RES 


132 


Reset 


1 Inputs an external reset signal 




TESTO, 
TEST1 


71,72 


Test 0, 1 


1 Used for tests; Must be grounded 



I/O: Input/Output 



Notes: 1 . Must be fixed bw for pin programming method. 

2. Must be fixed low for MPU programming method. 

3. Must be fixed low when not used. 

4. Must be left disconnected when not used. 

5. Must be left disconnected when buffer memory is not used. 

6. Must be fixed low when buffer memory is not used. 



Table 1 Display Timing Signal Fine Adjustment 







Pin 




Number of Dots 


AJ3 


AJ2 


AJ1 


AJ0 


Adjusted 


























1 


-1 








1 





-2 
























1 


+1 







1 





+2 







1 


1 


+3 




1 








+4 




1 





1 


+5 




1 


1 





+6 



Note: - (minus) indicates advancing the phase of the display timing signal, 
+ (plus) indicates delaying the phase of the display timing signal. 
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Table 2 Programming Method Selection 




Pin 




PMODE1 


PMODEO 


Programming Method 








Pin 





1 


Internal registers (MPU) 


1 





Internal registers (ROM) 


1 


1 


Prohibited 


Table 3 Memory Configuration Selection 




Pin 




MMODE1 


MMODEO 


Memory Configuration 








1 -Mbit RAM 





1 


256-kbit RAM 


1 





No memory 


1 


1 


No memory (when the CRT controller 
supports dual screen display) 



714 
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Block Diagram 



8 S 

Q § 3 



3 



O 



8 5 



VMODE 

VSIZE 

HSIZE 
LMODE4- 
LMODEO 



RES 
LDOTCK 
DOTCLK 
SYNC 



Gradation 
control 



Gradation 
Palette 
(a G, B) 



Timing 
control 



o o 
z z 

X > 



to 



AAA 



o 

CO 



LU 
< 



2 



a 



LCD interface 



Line buffer memory 
(R, G, B) 



Bus 
control 



Serial to 

parallel 

converter 



Gradation level 
reducing circuit 



Z2 



Double-width 
display control 
7S 



7S 



7^ 



o o o 

QC O 00 

5* * 4 

DC O 00 



Frame 
buffer 
memory 
control 



Stretch/ 

centering 

control 



l 



Internal 
register 



MPU/ROM 
interface 



a a a a 



I] MS0-MS15 
I> MD0-MD15 
I> MA0-MA7 
-> MA8/SOE1 
-> SOE0 

-> DT/OE 

WE 
-> SC 



-> RAS0/RAS1 
-> CAS/CASL 
- MMODE1/0 



PMODE 1/0 



_> D7-D0 



Y Y Y Y Y Y 

2 3 



8 w 



3 3 5 I 

2 2 
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Table 4 Register List 



Index Reg Reg. Program Read/ 



cs 


RS 


3 


2 


1 





No. 


Register Name 


Units 


Write 


7 


6 


5 


4 


3 


2 


1 





1 


























* 


* 


























IR 


Index 




W 










IA3 


IA2 


IA1 


IA0 





1 














RO 


Control 





R/W 


— 


— 


— 


STE 


CRE 


CCE 


SP 


DISP 
ON 





1 











1 


R1 


Input timing control 


Dot 


R/W 








DOTE AJ3 


AJ2 


AJ1 


AJO 





1 








1 





R2 


Horizontal display size 


Character 


R/W 




DH6 


DH5 


DH4 


DH3 


DH2 


DH1 


DHO 





1 








1 


1 


R3 


Vertical display size (high-order) 


Line 


R/W 
















DV8 





1 





1 








R4 


Vertical display size (low-order) 


Line 


R/W 


DV7 


DV6 


DV5 


DV4 


DV3 


DV2 


DV1 


DVO 





1 





1 





1 


R5 


Centering raster 


Line 
(Raster) 


R/W 


CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 










1 


1 





R6 


Centering character 


Character 


R/W 








CC4 


CC3 


CC2 


CC1 


CCO 





1 





1 


1 


1 


R7 


Border color control 




R/W 


— 


— 


— 


BM 


BCI 


BCR 


BCG 


BCB 


















R8 


Stretching control 


Line 


R/W 










SF3 


SF2 


SF1 


SFO 





1 


1 








1 


R9 


Stretching index (high-order) 


Line 


R/W 


S1 15 


S1 14 


SI13 


S1 12 


SI11 


S1 10 


SI9 


SI8 





1 


1 





1 





R10 


Stretching index (low-order) 


Line 


R/W 


SI7 


SI6 


SI5 


SI4 


SI3 


SI2 


SI1 


SIO 












1 


1 


R11 


Gradation level palette address 




W 






PS1 


PSO 


PA3 


PA2 


PA1 


PAO 









1 








R12 


Gradation level palette data 




R/W 






PD5 


PD4 


PD3 


PD2 


PD1 


PDO 









1 





1 


R13 


Gradation display clock period 
(high-order) 


Dot 


R/W 
















GC8 









1 


1 





R14 


Gradation display clock period 
(low-order) 


Dot 


R/W 


GC7 


GC6 


GC5 


GC4 


GC3 


GC2 


GCt 


GCO 









1 


1 


1 


R15 


Reserved 























Notes: 1 . Bits marked with * cannot either read from or written to. 

2. Bits marked with - are invalid and must be initialized to 0s; they cannot be read. 
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System Description 

Figure 1 shows an example of a VGA-compatible 
display system implemented with the CLINE. In 
this system, a color palette HD153119 (Hitachi), 
which is capable of digital output, is used with a 
VGA-compatible CRT controller. The CLINE 
receives digital color data and display sychro- 
nization signals from the color pallette and the 
CRT controller, respectively, and displays 4096- 
color images on a color LCD, or 16-level 
grayscale images on a monochrome LCD. With 
minor modification of the existing CRT display 
system, simultaneous LCD and CRT display is 
possible. 



Addition of an external frame buffer memory 
(dual-port RAM) allows the LCD frame frequency 
to be increased above that of a CRT. This enables 
easy-to-see gradation display and the control of 
LCDs having a dual screen configuration. 

CLINE operation may be controlled by internal 
registers through the 80-family MPU bus or an 
external ROM (as shown in the figure), or simply 
by pins. 



P0-P7 



VGA 

compatible 
CRT controller 



Color 

palette 

HD153119 



HSYNC, VSYNC 
DOTCLK, BLANK 



R0-R3 
G0-G3 
B0-B3 



MPU or ROM 



CLINE 



n 



Frame buffer 
memory 



Analog data 



LCD 




CRT 



Figure 1 System Block Diagram 
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Functional Description 



Programming Methods 

To control CLINE functions, set the appropriate 
pins and/or internal registers according to the 
functions used. Controlling methods include pin 
and internal register programming methods. 
Internal register programming includes the MPU 
and ROM programming methods. Any of the 
three methods can be selected by the combined 
setting of pins PMODEO and PMODE1 (table 2). 

The pin programming method uses pins to control 
CLINE functions, and the internal register 
programming method uses data written to the 
internal registers to control the functions. 



Figure 2 (a) shows a connection example of the 
CLINE and MPU buses for the MPU program- 
ming method. The CLINE bus, which is com- 
patible with the 80-family microprocessor bus, can 
be directly connected to the host MPU bus. 

Figure 2 (b) shows a connection example of the 
CLINE and ROM for the ROM programming 
method. In this case, data is automatically loaded 
into internal registers from the external ROM 
attached for this purpose. Note that with the ROM 
programming method, the reset signal must be 
applied before rewriting the internal registers or 
gradation level palettes. 



Address bus 
Data bus 

iow 

IOR 



Si 



Decoder 



CS RS WR RD DO-D7 
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(a) Connection of MPU bus with CLINE 



ROM 

A0-A5 D0-D7 


/ 


\ 

\ 





A0-A5 



D0-D7 
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(b) Connection of ROM with CLINE 



Figure 2 Connection of MPU Bus or ROM with CLINE 
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Automatic Adaptation to VGA Display Modes 

VGA CRT display system display size varies 
depending on the display mode. (VGA display 
sizes are: 320, 360, 640, or 720 dots wide and 350, 
400, or 480 lines high.) The CLINE identifies the 
current display mode from VSYNC and HSYNC 
signal polarities and the display period length, and 
changes the display size automatically (tables 5 
and 6). This function is enabled by setting the 
VMODE pin low. The CLINE, based on this 
function, automatically sets the necessary registers 
(R0, R2, R3, R4, R5, R6, R8, R9, and/or R10) 
corresponding to the parameters of the display 
size, double-width display, gradation display 
clock, and stretching/centering display functions. 
(In MPU or ROM programming method, selection 
of vertical centering (bit 3 of R0) or stretching (bit 



4 of R0) is not automatic.) Consequently, in VGA 
display modes, rewriting these registers is disabled. 

Note that display stretching and centering are 
unavailable when buffer memory is not used in the 
system, even in VGA display modes. In these 
cases, a display of different vertical size would be 
placed in the upper section of the LCD panel, 
resulting in a blank area in the lower section. 
Centering the display in a system without memory 
requires external circuits or BIOS tuning. 

When displaying an image 720 dots wide (9 dots x 
80 characters) on an LCD panel 640 dots wide, the 
CLINE removes the ninth horizontal dot of each 
character to prevent losing the far-right portion of 
the image. 



Table 5 Automatic Vertical Display Size Settings for VGA Display Modes 



VSYNC 


HSYNC 


Display Size 


Border Rasters 


Displayed Rasters 


Negative 


Positive 


350 lines 


1-6 


7-356 


Positive 


Negative 


400 lines 


1-7 


8-407 


Negative 


Negative 


480 lines 


1-8 


9-488 



Table 6 Automatic Horizontal Display Size Settings for VGA Display Modes 
BLANK Signal High Level 



Pulse Width 


Display Size 


Border Dots 


Displayed Dots 


256-335 dots 


320 dots (256-color) 


1-5 


6-325 


336-359 dots 


320 dots (16-color) 


1-8 


9-328 


360-511 dots 


360 dots 


1-9 


10-369 


640-703 dots 


640 dots 


1-8 


9-648 


704-767 dots 


720 dots 


1-9 


10-729 
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LCD Panel Size 

LCD panel size is specified by either pins or 
internal registers. 

For VGA modes, vertical panel size of 400 or 480 
lines can be selected by the VSIZE pin and 
horizontal panel size of 640 or 720 lines by the 
HSIZE pin. 

For non-VGA modes, the panel size is also 
specified by the VSIZE and HSIZE pins in pin 
programming method. In internal register 
programming method, vertical display size is 
specified by the vertical display size register (R3 
and R4), within the range of 2 to 512 lines. Here, 
note that the vertical display size specified by R3 
and R4 is the CRT display vertical size. When this 
size differs from the LCD panel vertical size, 
centering or stretching function must be used. 
Refer to the following equations for calculating 
the number of centering rasters and the stretching 
ratio. For the definition of the centering rasters, 
see figure 23, Centering Rasters, 

• For centering 

LCD panel vertical size (line) = 

CRT display vertical size (line) + centering 

rasters (lines) x 2 

• For stretching 

LCD panel vertical size (line) = 

CRT display vertical size (line) x stretching 

ratio 



Since LCD panel horizontal size is limited to 640 
or 720 dots even in internal register programming 
method, centering function must be used as well 
so that the total number of horizontal dots 
including the CRT display area and border areas 
become 640 or 720. Refer to the following 
equation to calculate the number of centering 
characters. For the definition of the border areas 
and centering characters, see figure 25, Centering 
Characters. 

LCD panel horizontal size (dot) = 

{number of horizontal display characters + 

(number of centering characters x 2)} x 8 

Double-Width Display 

Some CRT display systems have a low-resolution 
display mode of 320 horizontal dots in addition to 
a high-resolution display mode of 640 horizontal 
dots. In this case, the CRT display system lowers 
the dot clock frequency to reduce one line of data 
to 320 dots. If such data is supplied to the LCD 
system of 640 horizontal dots as-is, the entire 
display will be placed on the left section of the 
panel with the right half blank. To accommodate 
this situation, the CLINE doubles the width of the 
low-resolution display. This function is enabled 
by the SP/WR/A4 pin in pin programming method 
or the SP bit (bit 1) of the control register (R0) in 
internal register programming method (table 7). In 
either method, for VGA display systems, the 
CLINE detects low-resolution display mode and 
automatically enables double- width display. 



Table 7 Double-Width Display Usage 

Programming Method CRT System Mode Setting 

Pin: SP VGA Automatic 

Non-VGA 0: Normal display 

1 : Double-width display 
internal register: VGA Automatic 

(gntrol register bit 1 0: Normal display 

1 : Double-width display 
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Stretching and Centering Display 



When the display size differs from the LCD panel 
size, data will be displayed on the upper-left 
section of the LCD panel with blank space to the 
right and/or below if no countermeasures are taken. 
To provide a user-friendly display, the CLINE can 
stretch a display to fill out the panel or center a 
display. Both stretching and centering functions 
are enabled by control register (RO) bits 2, 3, and 4. 

Note that stretching and centering functions are 
available only in a system where buffer memory is 
used. This is because these functions are realized 
through adjustment of memory access. Similarly, 
stretching and centering functions are unavailable 
in non-VGA modes when the CLINE is controlled 
by the pin programming method. Simultaneous 
use of the vertical centering and stretching 
functions is also impossible. 

In the internal register programming method, 
horizontal centering function is controlled by the 
centering character register (R6) within the range of 1 
to 32 characters (8 to 256 dots), while vertical 
centering function is controlled by the centering 
raster register (R5) within the range of 1 to 256 lines. 



Stretching function is controlled by the stretching 
control register (R8) and the stretching index 
register (R9 and RIO) so as to double the vertical 
display size at most 

Figure 3 shows display examples using stretching/ 
centering functions. In these examples, a display 
of 640 dots x 350 lines is displayed on an LCD 
panel of 720 dots x 400 lines, using 
stretching/centering functions. 

For VGA modes, in both internal register 
programming and pin programming methods, 
necessary parameters are automatically calculated 
from the relationship between display size and the 
LCD panel size and set in the appropriate registers. 
Consequently, there is no need to account for 
display size. 

However, the vertical centering or stretching 
function can be selected in the internal register 
programming method. (In pin programming 
method, the stretching function is automatically 
selected.) Table 8 describes the use of the 
stretching and centering function. 



-720 dots- 



H-640 dot s-H 
Display! 




-ft Vertical 
St centering 



400 lines 



Horizontal centering 

(a) Horizontal Centering and 
Vertical Centering 



-720 dots- 
! 640 dots! 




400 lines 



Horizontal centering 

(b) Horizontal Centering and 
Vertical Stretching 



Figure 3 Display Examples Using Stretching/Centering Functions 
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Table 8 Stretching and Centering Function Usage 



Direction 


Programming 
Method 


CRT System 
Mode 


Display Arranging Function 


Setting 


Vertical 


Pin 


VGA 


Stretching 


Automatic 






Non-VGA 


None 


— *1 




Internal register 


VGA 


Stretehina or cfint&rina 

Wll Olwl III l^£ Wl wwl HOI II l^£ 


Automatic *2 






Non-VGA 


Stretching or centering 


Necessary 


Horizontal 


Pin 


VGA 


Centering 


Automatic 






Non-VGA 


None 






Internal register 


VGA 


Centering 


Automatic 






Non-VGA 


Centering 


Necessary 



Notes: 1 . Display size must be LCD panel size. 

2. Either stretching or centering function must be selected by the internal register. 
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Display Modes 

Display Mode Settings and LCD Module 
Configurations: The CLINE supports 20 display 
modes, depending on the settings of the LMODE4 
to LMODEO pins. The display mode includes 
display color mode (color or monochrome), screen 



configuration (single or dual), gradation display 
method, and width of data transfer to LCD drivers. 
Table 9 lists the display modes and figures 4 (a) to 
4 (g) show the corresponding LCD module 
configurations. 



Table 9 Display Modes and LCD Module Configurations 



Mode 




Pin: LMODE 




Display Color Mode 


Screen 


Data 


LCD Module 


IMO. 


A 

4 


3 


2 


1 





(vjiraaation uispiay Metnoa; 


uonTig. 


Wluin 


uonng. 


1 


u 





o 


o 


A 

u 


Monocnrorne. dock ana wnn© 


Single 


A 
** 


Pin A fa\ 

rig. 4 (a; 


p 


n 
\j 


ft 






1 

1 




Dual 


4 


Fin A lh\ 
rig. * \u) 


o 
o 











1 


A 






Single 


o 



rig. 4 (C) 


4 





o 


o 


1 


1 




Dual 


8 


Fig. 4 (d) 


c 
O 


A 
U 


o 


1 


o 


A 

u 


ivivsi iv/v*i ii v#i i id iu uiay isww 


Single 


A 
*f 


Pin A tst\ 

rig. 4 iaj 





A 

u 





1 





1 


(Frame-based data thinning) 


uuai 


A 
4 


Pin A /h\ 

rig. 4 \p) 


7 







i 
i 


1 

1 







Single 


8 


Fig. 4(c) 


o 
o 


a 
u 





1 


1 


4 

1 




Dual 


o 
o 


rig. 4 (a) 


9 





1 











Monochrome: 16 gray levels 


Single 


4 


Fig. 4 (a) 


10 





1 








1 


(1/2 pulse width modulation) 


Dual 


4 


Fig. 4 (b) 


11 





1 





1 







Singale 


8 


Fig. 4(c) 


12 





1 





1 


1 




Dual 


8 


Fig. 4(d) 


13 
















1 6 colors 


Single 


2 


Fig. 4 (a) 


14 










1 







Single 


4 


Fig. 4(f) 


15 










1 


1 


8 colors 


Single 


8 


Fig. 4(g) 


16 







1 








4096 color levels 


Single 


2 


Fig. 4(e) 


17 







1 


1 





(Frame-based data thinning) 


Single 


4 


Fig. 4(f) 


18 







1 


1 


1 




Single 


8 


Fig. 4(g) 


19 




1 





1 





4096 color levels 


Sing;le 


4 


Fig. 4(f) 


20 




1 





1 


1 


(1/2 pulse width modulation) 


Single 


8 


Fig. 4(g) 



Note: Modes 15, 18, and 20 are interleaving structure modes. 
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4 bits 



HD66106 



LCD 



4 bits 



HD66106 



-LOD- — - 



4 bits „ „ 



HD66106 



(a) Single screen, 4-bit data width 



(b) Dual screen, 4-bit data width 



8 bits 



HD66107 



LCD 



8 bits 



HD66107 



-LOB-- 



8 bits , 



HD66107 



(c) Single screen, 8-bit data width 



(d) Dual screen, 8-bit data width 



2 bits 








B c=^ 


-v> 
"Z*> 


I ■ > 



Color drivers 



LCD 



4 bits 

R«=5z±=>( 
G' .** > 
B z=^=> 



Color drivers 



LCD 



(e) Single screen, 2-bit data width, color drivers (f) Single screen, 4-bit data width, color drivers 



8 bits 



HD66107 



8 bits 



RC 


3BF 




3 

LCI 










HD66107 



(g) Single screen, 8-bit data width, interleaving 
structure 



Figure 4 LCD Module Configurations by Display Modes 
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Gradation Level Reduction: Although a CRT 
display system can represent information for over 
100,000 color levels, an LCD cannot handle so 
much information. 

Consequently, CRT color or gradation level 
information must be reduced in order for the 
CLINE to display it. Reduction methods vary 
depending on the input color or gradation level 
information, the LCD panel (color or mono- 
chrome), and other factors. Table 10 lists 
gradation level reduction for CLINE modes, where 
"Input Bits" indicates CRT display color data and 
"Reduced Data" indicates input to the gradation 
level palettes. 

Input Display Data Connection: Input display 
data connection and pin settings depend on the 
CRT input mode (color or gradation level 
information) and the LCD panel used. 

• When monochrome LCD panel is used 
(LMODE4 = 0) 

— 64-color input and 16-level grayscale output 
(modes 5-12) 



The B0 pin must be set to 1; and the Bl pin to 
0. Unused display data input pins must be 
fixed to 0. See figure 5 (a). 

— 16-level grayscale input and 16-level 
grayscale output (modes 5-12) 

Both B0 and B 1 pins must be set to 0. Unused 
display data input pins must be fixed to 0. See 
figure 5 (b). 

• When color LCD panel is used (LMODE4 = 1) 

— 64-color input and 16- or 8-color output 
(modesl3-15) 

Two-bit R, G, and B data must be input to the 
R2-R3, G2-G3, and B2-B3 pins, respectively. 
Unused display data input pins must be fixed 
toO). See figure 6 (a). 

— 4096-color input and 4096-color output (modes 
16-20) 

Four-bit R, G, and B data must be input to the R0- 
R3, G0-G3, and B0-B3 pins, respectively. If the 
input has more than 4096 colors, use the high- 
order four bits of each color. See figure 6 (b). 



Table 10 Gradation Level Reduction for CLINE Display Modes 



Input 


Input Bits 


CLINE Display 


Reduced Data 


LCD 


Gradation Level 


Mode 


R 


G 


B 


Mode 


3 


2 


1 





Panel 


Reduction (Bits) 


4096 
colors 


4 


4 


4 


4096 color 
levels 


D3 


D2 


D1 


DO 


Color 


12 ~» 12 


64 

colors 


2 


2 


2 


16 colors 


R 


G 


B 


I 


Color 


6->4 


64 

colors 


2 


2 


2 


16 gray levels 


D3 


D2 


D1 


DO 


Monochrome 


6->4 


16 gray 
levels 




4 




1 6 gray levels 


D3 


D2 


D1 


DO 


Monochrome 


4->4 


16 gray 
levels 




4 




Monochrome 
(black & white) 


All 0s or all 1s 




Monochrome 


4-»1 
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RO, R1 
GO, G1 
BO, B1 

1 



1> 


R2, R3 
G2, G3 

B2, B3 CLINE 

B1 
BO 










: > 


> 



LCD data 



(a) 64-color input and 16-level grayscale output 



1 6-level gray- 
scale data 





GO-G3 

CLINE 

B1 
BO 








; > 

> 





16-level grayscale 
LCD data 



(b) 1 6-grayscale input and 1 6-level grayscale output 



Figure 5 Input Display Data Connection and Pin Settings when a Monochrome 
LCD Panel is Used 
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RO, R1 
GO.G1 
BO, B1 




> Color LCD data 



(a) 64-color input and 1 6- or 8-color output 



R0-R3 
G0-G3 
B0-B3 



R0-R3 

G0-G3 

B0-B3 



CLINE 



:> Color LCD data 



(b) 4096-color input and 4096-color output 



Figure 6 Input Display Data Connection and Pin Settings when a Color LCD Panel is Used 
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LCD Data Output: The CLINE uses pins 
UD7-UD0 and LD7-LD0 for display data output. 
Output data from these pins depend on the display 
mode, as shown in table 11. However, data output 
timings are basically the same in all display 
modes. Display data output timing for modes 15 
and 18 (8-bit color data transfer, bidirectional 
connection, without pulse width modulation) is 
shown in figure 7. Display data output timing for 



the LCD display modes with pulse width 
modulation is slightly different. This type of 
example is shown in figure 8. Figure 8 shows the 
display data output timing in mode 10 (1/2 pulse 
width modulation, 4-bit monochrome data transfer, 
and dual screen configuration). 

However, LCD lower panel data LD3-LD0 are not 
shown in the figure. 



Table 11 LCD Data Output Pins and Display Data by Display Modes 



Monochrome Modes 





4-Bit/ 
Single 


4-Bit/ 
Dual 


8-Bit/ 
Single 


8-Bit/ 
Dual 






Color Modes 




Pin 


Screen 


Screen 


Screen 


Screen 


2-Bit 


4-Bit 


8-Bit 






UD7 






D7 


UD7 




R3 


R15 


G10 


B5 


UDo 






Do 


UDo 




DO 

R2 


B15 


R9 


Ca4 


UD5 






D5 


UD5 


R1 


R1 


G14 


B9 


R3 


UD4 






D4 


UD4 


R0 


R0 


R13 


G8 


B3 


UD3 


D3 


UD3 


D3 


UD3 




G3 


B13 


R7 


G2 


UD2 


D2 


UD2 


D2 


UD2 




G2 


G12 


B7 


R1 


UD1 


D1 


UD1 


D1 


UD1 


G1 


G1 


R11 


G6 


B1 


UDO 


DO 


UDO 


DO 


UDO 


GO 


GO 


B11 


R5 


GO 


LD7 








LD7 




B3 


G15 


B10 


R4 


LD6 
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Notes: 1 . The left bit corresponds to MSB. 

2. U and L indicate upper panel and lower panel data, respectively. 

3. Data in parentheses are for 1 6-color display. 

4. — indicates that the corresponding pins are not used; must be left disconnected. 
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Figure 7 Display Data Output Timing in Display Modes Without Pulse Width Modulation 
(Modes 15 and 18) 
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In figure 8, data PO-0, P4-0, ... P636-0 make up 
the first set of data for one line to be output to 
LCD drivers via pin UD3. Likewise, data PO-1, 
P4-1, ... P636-1 make up the second set of data. 
The combination of the first and second sets of 



data determines the display status as follows: (first 
data, second data) = (0, 0): display off; (1, 0): 1/2 
pulse width modulation; and (1, 1): display on. 
For more details, refer to the Gradation Display 
Methods section. 
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Figure 8 Display Data Output Timing in Display Modes with Pulse Width Modulation 
(Mode 10) 
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Gradation Display Methods 

The CLINE supports the frame-based data 
thinning method and pulse width modulation 
method for gradation display. 

Frame-Based Data Thinning Method: In the 
frame-based data thinning method, the CLINE 
thins out the display data in line or dot units in the 
specified frames. 

Pulse Width Modulation Method: In the pulse 
width modulation method, the CLINE combines 
1/2 pulse width modulation and frame-based data 
thinning. In this case, data is output from X-drivers 
twice in one line-selection period (figure 9). 
Consequently, the X-driver latch clock must be 



different from the Y-driver shift clock, and a 
conventional LCD module configuration cannot be 
used. Therefore, clock XCL1 must be supplied to 
X-drivers and clock YCL1 to Y-drivers (figure 
10). 

The XCL1 period is specified by the gradation 
display clock period register (R13 and R14) when 
no buffer memory is used in non-VGA modes and 
in the internal register programming method. 
(Pulse width modulation is unavailable when 
buffer memory is not used in non- VGA modes, pin 
programming method.) In the other cases, the 
register is automatically set, since the YCL1 
period is fixed (table 12). 



YCL1 



XCL1 



Line n 



Line n + 1 



X-driver Line n V Line n V Line n+lV Line n + 1 \/~ 
1st data A 2nd data A 1st data A 2nd data A 



input data 1st < 



X-driver V Linen-1 \/ Line n V Line n V Line n + lV 
A 2nd data A 1st data A 2nd data A 1st data A 



output data 



Figure 9 Driver Clock and Display Data Timing for Gradation Display 
with 1/2 Pulse Width Modulation 
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Figure 10 X- and Y-Driver Clock Connection for Pulse Width Modulation Method 



Table 12 XCL1 Period Setting 
Memory Mode 



XCL Period 



Setting 



With-memory 



Half of YCL1 period for 1/2 pulse with Automatic 
modulation method 



Without-memory VGA 



Half of YCL1 period for 1/2 pulse width Automatic 
modulation method (See note below) 



Non-VGA 

Internal register Conforms to gradation display clock 

programming register (R1 3, R1 4) settings 

Pin programming — 



Required (R13, R14) 



Note: Total number of horizontal dots must be 400, 450, 800, or 900 for displaying 320, 360, 640, or 720 
dots, respectively. 
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Gradation Level Palettes 

Gradation display quality depends greatly on LCD 
panel characteristics. 

Consequently, uniform gradation display may be 
impossible for some panels. To accommodate this 
situation, the CLINE incorporates a set of 
gradation level palettes that can assign any 
gradation level to any CRT display color as 
desired. 

16 levels are available for gradation display using 
the frame-based data thinning method and 31 
levels using 1/2 pulse width modulation method. 
Appropriate levels can be selected for the LCD 
panel used. 

The R-, G-, and B-palettes are used for color level 
display modes, while only the R-palette is used for 
16-level grayscale display modes. 



In pin programming and MPU programming 
methods, these palettes are automatically loaded 
after reset with appropriate data for frame-based 
data thinning modes and 1/2 pulse width 
modulation modes. The automatically set data 
cannot be rewritten in the pin programming 
method, but can be rewritten, any time after 100 
jis have elapsed after reset, in MPU programming 
method. 

By contrast, in the ROM programming method, 
these palettes are not automatically set. Thus 
writing the necessary data to the palettes is always 
required. 

Table 13 shows the relationship between the 
values set in the palettes (through R12) and 
gradation levels. Values other than those shown 
here disable correct display. 
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Table 13 Relationship between Gradation Levels and Palette (R12) Values 

(a) Frame-based data thinning modes (b) 1/2 pulse width modulation modes 

Grada- Grada- 



tion 
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Palette Data (R12 Data Bits) 
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Display On/Off Control 

When the LCD drivers used have an LCD on/off 
control pin, display can be controlled with the 
CLINE DISPON signal. When the LCD drivers 
used do not have an LCD on/off control pin, the 
CLINE can turn off display by transferring all-0 
display data to the drivers. 

Display will be turned on with the DISPON pin = 
1, turns the display off while DISPON = 0. The 
DISPON pin is equivalent to the DISPON bit (bit 
0) of the control register. 

In the pin programming method, display is on 
except for four frames after reset. The four frame 
display-off time period prevents random display at 
power-on. In the MPU programming method, 
display is turned off at reset, but can be freely 
turned on or off after four frames after reset by 
rewriting the corresponding register bit. In the 
ROM programming method, a 1 must be written to 
the DISPON bit to turn on display. Like in other 
programming methods, display is off for four 
frames after reset 



tion (single or dual), data transfer width (bit 
count), and gradation display methods. For 
example, the data transfer rate will be doubled for 
1/2 pulse width gradation display. This is because 
data must be transferred two times during one line- 
selection period. The data transfer rate (fcu : 
frequency) is calculated from the following 
equation (f L DOTCK = f DOTCLK f <> r synchronous 
mode): 

f _ f LDOTCK x l 

CL2 ~ nxm 

n: Number of panels composing one screen 

— 1 for modes 1, 3, 5, 7, 9, 11, 13-20 

— 2 for modes 2, 4, 6, 8, 10, 12 

m: Number of bits transferred at one time 

— 2 for modes 13, 16 

— 4 for modes 1, 2, 5, 6, 9, 10, 14, 15, 17-20 

— 8 for modes 3, 4, 7, 8, 11, 12 

1: Constant for each gradation display 

— 1 for modes 1-8, 13-18 
--2 for modes 9-12, 19,20 



LDOTCK Frequency and Data Transfer Rate 



The LDOTCK frequency (fLDOTCK) *° r asynchro- 
nous mode is calculated from the following 
equation: 

fLDOTCK = (Nhd + 48) x Nvd x f F 



Nhd: Number of dots contained in one 
horizontal line of the LCD panel 

Nvd: Number of horizontal lines from the LCD 
panel top to bottom 
f F : Frame frequency 

In this case, the following relationship must hold 
true: 

1/2 X fDOTCLK < f LDOTCK < 2 x f DOTCLK 

fjX)TCLK : Dot clock frequency 

The data transfer rate to LCD drivers depends on 
the mode in which the CLINE is used. 
Specifically, the rate depends on screen configura- 
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Synchronous/Asynchronous Modes and 
Memory 

The CLINE has two timing modes: asynchronous 
and synchronous. 

In asynchronous mode, dot clock pulses for the 
CRT system (DOTCLK) are different from those 
for the LCD system (LDOTCK) in frequency to 
accommodate frame frequency conversion. This 
requires buffer memory as shown in figure 11 (a). 
In this mode, dual screen LCD panels can be used. 

In synchronous mode, dot clock pulses for the CRT 
system are identical to those for the LCD system, 
thus requiring no buffer memory in principle 
(synchronous without-memory mode (figure 11 
(b)). However, synchronous without-memory 
mode cannot support dual screen LCD panels. 



The CLINE has another mode in which dual 
screen LCD panels can be used and fewer memory 
devices are required. This is called "synchronous 
with-memory mode*' (figure 11 (c)). In this mode, 
the number of memory devices can be reduced to a 
half or a third that of asynchronous mode. This is 
because RGB data sent from the CRT system is 
processed for gradation display before being 
written into buffer memory. (In asynchronous 
mode, on the other hand, R, G, and B data sent 
from the CRT system is separately written into the 
R-plane, G-plane, and B-plane memories, 
respectively.) 

Table 14 summarizes these modes. 
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LCD 
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Memory 



(a) Asynchronous Mode (b) Synchronous Without- (c) Synchronous 

Memory Mode With-Memory Mode 



Figure 11 Signal Flow for Synchronous/Asynchronous With-AVithout-Memory Modes 
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The CLINE uses dual port RAMs for buffer 
memory, enabling high-speed display and 
independent use of an LCD dot clock and a CRT 
dot clock. 

The C1INE supports three types of memory 
configurations: 64k x 4 bits (256 k), 256 k x 4 bits 
(1 M), and 128 k x 8 bits (1 M), any of which can 
be selected with the MMODEO and MMODE1 
pins (table 3). 



The number of memory devices required depends 
on the LCD panel size and the display mode. 
However, it depends only on LCD panel vertical 
size and not on horizontal size since the CLINE 
uses memory as shown in figure 12. For example, 
one 256-kbit memory device is required for the 
panel having 256 or less lines and two for that 
having 257 to 512 lines. Table 15 lists the number 
of memory devices required for each mode. 



Table 14 Memory Mode Summary 








Asynchronous With- 
Memory Mode 


Synchronous With- 
Memory Mode 


Synchronous Without 
Memory Mode 


Centering/stretching 


Possible 


Possible 


Impossible 


Max number of gray levels 


16 


16 


16 


Max number of color levels 


16 


4096 (frame-based 
data thinning) 


4096 (pulse width 
modulation) 


Dual screen 


Possible 


Possible 


Impossible 


Max number of 
display lines 


512 


512 


1024 


Frame frequency 
conversion 


Possible 


Impossible 


Impossible 





1024 



r 



256 



Not 
used 



640 or 720 ^ 
64 k X 4 bit memory 



Figure 12 Display Sizes and Memory Area Used 
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Table 15 Number of Memory Devices for Different Display modes 

Number of Memory Devices Required 



Asynchronous Synchronous 



Display Mode 


64kx4 


256 kx4 


128kx8 


64kx4 


256kx4 


128 kx 8 


Monochrome 
Modes 1^4 


2 


1 


1 


2 


1 


1 


1 6-level grayscale 
(frame-based) 
Modes 5-8 


8 


4 


2 


2 


1 


1 


1 6-level grayscale 
(1/2 pulse width) 
Modes 9-12 


8 


4 


2 


4 


2 


1 


8-color Mode 15 


6 


3 


2 


6 


3 


2 


16-color Modes 13, 14 


8 


4 


2 


8 


4 


2 


4096-color-scale 
(frame-based) 
Modes 16-18 








6 


3 


2 



Frame-based: Frame-based data thinning method 
1/2 pulse width: 1/2 pulse width modulation method 

Note: With-memory mode does not support color level display using the pulse width modulation method. 
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Display Timing Signal Fine Adjustment 

When the display timing signal is supplied 
externally, a phase shift may appear between CRT 
data and the display timing signal, since each 
signal has its own peculiar lag. The CLINE can 
adjust the display timing signal with pins AJ3-AJO 
(in pin programming method) or with the input 
timing control register (Rl) (in internal register 
programming method) to compensate the phase 
shift (table 1). 

Figure 13 (a) shows an example of adjusting a 
display timing signal that is two dots ahead of the 
display start position. In this case, pins (AJ3, AJ2, 
AJ1, AJO) or data bits (3, 2, 1, 0) of Rl must be set 
to (1, 0, 1, 0) to delay the signal for two dots. 
Conversely, they must be set to (0, 0, 1,0) to 



advance the signal for two dots for the case of 
figure 13 (b), where the display timing signal is 
two dots behind. 

When there is no need to adjust the signal, a 
setting of either (0, 0, 0, 0) or (1, 0, 0, 0) will 
work. 

It should be noted that the VGA CRT system 
applies the BLANK signal, which includes the 
border area period, as the display timing signal, 
and that the CLINE removes the border area 
period. Consequently, the border area period must 
be considered for adjusting the display timing 
signal. 
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signal after 
adjustment 



2 dots ahead 
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Display start position 



X 



X 
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(a) Delaying Display Timing Signal 
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CRT display 
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Display timing 
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xzzx 



Fine adjustment 
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(B) Advancing Display Timing Signal 



Figure 13 Display Timing Signal Fine Adjustment 
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Border Color Control 

In the internal register programming method, the 
CLINE can specify the color of a blank area that is 
left on a centered display (figure 14). Any of 16 
colors or the color of the dot immediately before 
the valid display data can be specified by the 
border color control register (R7). However, the 



desired color can be specified only in asyn- 
chronous mode. 

In the pin programming method, the specified 
color is always the same color as the dot 
immediately before the valid display data. 



Border area 




Vertical 
centering 



LCD panel 



Horizontal centering 



Figure 14 Border Area and an LCD Panel 
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Internal Registers 



The CLINE has one index register (IR) and 15 data 
registers (R0-R14). In the MPU programming 
method, the desired register address must be 
written in one cycle into the index register before 
writing or reading data to/from the register in the 
following cycle. By contrast, in the ROM 
programming method, the index register is not 
used; the CLINE automatically reads data from the 
ROM, in which data has been written to the ROM 
addresses corresponding to the desired data 
registers, and writes it to the data register. 

Registers are valid only for the internal register 



programming method and are invalid (don't care) 
for the pin programming method. Since all data 
registers are reset to Os, they must be rewritten 
after reset. 

Register Access for MPU Programming Method 

First write the desired data register address into the 
index register with C5 = 0, RS = 0, and WR « 0, 
then write/read data t o/from the register with C3> = 
0, RS « 1, and WR = or RD = 0. Figure 15 
shows the timing for writing data into an internal 
register. 



WR [ 
RS I 

cs — 1 











fclSSi 




Wm 






t i 

Write (01)Hto 
the index register. 


Write (02)H to 
the index register. 





Write data to R1 Write data to R2 



Figure 15 Internal Register Write by MPU 
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ROM Data Setting for ROM Programming 
Method 

The desired data must have been previously 
written to the ROM addresses corresponding to the 
data register addresses; that is, to ROM addresses 
$0000-$OOOF. Data to the gradation level palettes 



must have been written to ROM addresses 
$0010-$003F. Consequently, data written for 
internal registers Rl 1 and R12 are invalid. Figure 
16 shows the ROM address map. 









$0000 
$0001 
$0002 

$0010 
$0011 

$0020 
$0021 

$0030 
$0031 


Data for R0 


Internal registers 


Data for R1 


Data for R2 




Data for R-palette 


R-palettes 


Data for R-palette 1 




Data for G-palette 


G-Dalattes 


Data for G-palette 1 




Data for B-palette 


B-palettes 


Data for B-palette 1 




$0040 




Not used 










>< "J v\^r%ii'd 




$FFFF 











Figure 16 ROM Address Map 
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Register Function 

Index Register (IR): The index register (figure 17), 
composed of four valid bits, selects one of the 15 
data registers. The index register itself is selected 
by the MPU while the RS signal is low and selects 
a data register with the register address written. 

Control Register (RO): The control register (figure 
18) is composed of five valid bits, each with a 
particular function. 

• STEbit 

— STE = 1: Stretching function enabled 

— STE as 0: Stretching function disabled 

• CREbit 

— CRE sb l: Vertical centering function 
enabled 

— CRE as 0: Vertical centering function 
disabled 

Simultaneous use of stretching and vertical 
centering functions is impossible; if both the CRE 



and STE bits are set to 1 at the same time, correct 
display will be disabled. 

• CCE bit 

— CCE = 1: Horizontal centering function 
enabled 

— CCE as 0: Horizontal entering function 
disabled 

• SPbit 

— SP = 1: Double-width display 

— SP = 0: Normal display 

• DISPONbit 

— DISPON a= l: Display on 

— DISPON = 0: Display off 

DISPON is always cleared at reset. In the MPU 
programming method, rewriting this bit can 
always be rewritten. However, display will be off 
for four frames after reset, regardless of the status 
of this bit. 



IR , 

/ \ 



Data bit 
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6 
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2 


1 





Value 













1 — Register address 



Figure 17 Index Register 



/ \ 



Data bit 


7 


6 
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4 


3 


2 


1 





Function 








STE 


CRE 


CCE 


SP 


DISP 
ON 



Figure 18 Control Register 



HITACHI 

744 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66850F 



Input Timing Control Register: The input 
timing control register (figure 19) has five valid 
bits, having two different functions. 

• DOTE bit : Switches RGB data latch timing. 

— DOTE = 1: Latches data at the rising edge 
of the dot clock pulses 

— DOTE m 0: Latches data at the falling edge 
of the dot clock pulses 



• AJ3-AJ0 bits: Adjust the externally supplied 
display timing signal to synchronize its phase 
with that of LCD data. Write the shift, 
represented in dots, between the display timing 
signal and the display start position to these 
bits. The absolute value of the number of dots 
to be shifted must be written to the AJ2-AJ0 
bits and shift polarity to the AJ3 bit. If there is 
no need to adjust the display timing signal, 
these bits may be set to either (1, 0, 0, 0) or (0, 
0,0,0). 



R1 



Data bit 


7 


6 


5 


4 


3 


2 


1 





Value 








DOTE 


AJ3 


AJ2 


AJ1 


AJ0 



3 


2 


1 





Number of Dots 
Adjusted 

























1 


-1 







1 





-2 


1 






















1 


+1 







1 





+2 







1 


1 


+3 




1 








+4 




1 





1 


+5 




1 


1 





+6 



Note: - (minus) and + (plus) in the Number of Dots Adjusted column indicate advancing and delaying 
the display timing signal, respectively. 



Figure 19 Input Timing Control Register 
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Horizontal Display Size Register: The hori- 
zontal display size register (figure 20), composed 
of seven valid bits, specifies the horizontal display 
size in units of characters (eight dots). The value 
to write to this register is "number of characters 
displayed on one horizontal line - 1." A 
maximum of 90 characters (720 dots) can be 
specified. 

This register is set automatically in VGA mode. 



Vertical Display Size Register: The vertical 
display size register (figure 21), composed of nine 
valid bits, specifies the vertical display size in 
units of lines. The value to write to this register is 
"number of lines displayed from display screen 
top to bottom - 1." A maximum of 512 lines can 
be specified. 

This register is set automatically in VGA mode. 



R2 



/ \ 



Data bit 


7 


6 


5 


4 


3 


2 


1 





Value 




DH6 


DH5 


DH4 


DH3 


DH2 


DH1 


DHO 



Figure 20 Horizontal Display Size Register 
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DV8 










Data bit 


7 


6 


5 


4 


3 


2 


1 







Value 


DV7 


DV6 


DV5 


DV4 


DV3 


DV2 


DV1 


DVO 




\ / 

R4 





Figure 21 Vertical Display Size Register 
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Centering Raster Register: The centering raster 
register (figure 22), composed of eight bits, 
specifies the number of rasters for vertically 
centering the display within the range of 1 to 256. 
The value to write to this register is "number of 
rasters for centering - 1." As shown in figure 23, 
the number here indicates the number of rasters in 
either the upper border area or lower border area, not 



the total number. Since the LCD panel size is 
determined by this number and the display size, the 
number of rasters must be correctly written if the 
display size differs from the LCD panel size. 
Incorrect setting disables correct display. This 
register is enabled the control register's CRE bit is 1. 
This register is set automatically in VGA mode. 



R5 



/ \ 



Data bit 


7 


6 


5 


4 


3 


2 


1 





Value 


CR7 


CR6 


CR5 


CR4 


CR3 


CR2 


CR1 


CRO 



Figure 22 Centering Raster Register 
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< — Border area 


(upper) 




(upper) 






< — Display 


Number of rasters — > 




< — Border area 


(lower) 




(lower) 



Figure 23 Centering Rasters 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. •Brisbane, CA 94005-1819 • (415) 589-8300 



747 



HD66850F 



Centering Character Register: The centering 
character register (figure 24), composed of five 
valid bits, specifies the number of characters for 
horizontally centering the display within the range 
of 1 to 32. The value to write to this register is 
"number of characters for centering - 1." As 
shown in figure 25, the number here indicates the 
number of characters in either the left border area 



or right border area, not the total number. Since 
the LCD panel size is determined by this number 
and the display size, the number of characters must 
be correctly written when the display size differs 
from the LCD panel size. Incorrect setting 
disables correct display. This register is enabled 
when the control register's CCE bit is 1 . 
This register is set automatically in VGA mode. 



R6 



Data bit 


7 


6 


5 


4 


3 


2 


1 





Value 








CC4 


CC3 


CC2 


CC1 


CCO 



Figure 24 Centering Character Register 
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Figure 25 Centering Characters 
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Border Color Control Register: The border 
color control register (figure 26), has five valid 
bite having two different functions. These 
functions are available only in with-memory 
mode. 

• BM bit: Specifies border control mode; reset to 
0. This bit must be 1 in asynchronous mode. 

— BM = 1: Displays the color specified by the 
BCI, BCR, BCG, and BCB bits in the 
border area (disabled in synchronous mode) 

— BM = 0: Displays the color of the dot 
immediately before the display period on 
the border area 



R7 



Data bit 


7 


6 


5 


4 


3 


2 


1 





Value 








BM 


BCI 


BCR 


BCG 


BCB 



Figure 26 Border Color Control Register 



R8 
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Data bit 
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5 


4 


3 


2 


1 





Value 










SF3 


SF2 


SF1 


SFO 



Figure 27 Stretching Control Register 



• BCI, BCR, BCG, and BCB bits: Specify the 
color to be displayed on the border area. These 
bits are enabled when the BM bit is 1; reset to 
0s. 

Stretching Control Register: The stretching 
control register (figure 27), composed of four valid 
bits, is used in combination with the stretching 
index register (R9 and RIO). It specifies the 
period for stretching in units of lines. The value to 
write to this register is "number of lines -1 ." This 
register is enabled when the control register's STE 
bit is 1. 

This register is set automatically in VGA mode. 
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Stretching Index Register: The stretching index 
register (figure 28), composed of 16 valid bits, is 
used in combination with the stretching control 
register (R8). It specifies the lines to be displayed 
twice among those specified by R8. The lines 
represented by the SI bits which are set to Is will 



be displayed twice. Although this register has 16 
bits, only the bits within the period specified by 
R8 are enabled. For example, when R8 is set to 
four, only five bits of SIO to SI4 of this register are 
enabled (figure 29). 

This register is set automatically in VGA mode. 







R9 

/ \ 
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SI14 


SI13 


S1 12 


SI11 


SI10 


SI9 


SI8 
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SI2 


SI1 


SIO 
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Figure 28 Stretching Index Register 
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Figure 29 Stretching Display 
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Gradation Level Palette Address Register: The 
gradation level palette address register (figure 30) 
is composed of six valid bits with two different 
functions. 

• PS1 and FSO bits: Specify a method of 
selecting the plane of the gradation level 
palettes (R, G, or B). 

— (PS1, PSO) = (0, 0): Every time the 
gradation level palette data register (R12) is 
read from or written to, either R-, G-, or B- 
palette is automatically selected, in that 
order 



• PA3-PA0 bits: Specify the desired gradation 
level palette using the address written to these 
bits. After palette address specification, data is 
read from or written to the specified palette and 
the address is automatically incremented by 1. 
The address increment manner depends on PS1 
and PSO settings. 

— (PS1, PSO) = (0, 0): Gradation level palette 
address is automatically incremented by 1 
after reading/writing data from/to R, G, and 
B gradation level palettes in that order, 
through the gradation level palette data 
register 



— (PS1, PSO) = (0, 1): R-palette is selected —Other settings: Gradation level palette 

address is automatically incremented by 1 

— (PS 1, PSO) = (1, 0): G-palette is selected after reading/writing data from/to any one 

gradation level palette, through the 

— (PS 1, PSO) = (1, 1): B-palette is selected gradation level palette data register 



R11 



/ \ 
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PA1 


PA0 



Figure 30 Gradation Level Palette Address Register 
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Gradation Level Palette Data Register: The 

gradation level palette data register (figure 31), 
composed of six valid bits, contains data which is 
read from or written to the gradation level palette 
specified with the gradation level palette address 
register (Rll). 

Gradation level palettes must be set according to 
the display mode used (16-level grayscale display 
or 4096-color-scale display); the R-palette must be 
used for 16-level grayscale display, and R-, G-, 
and B-palettes for 4096-color-scale display. PD5 
bit must be 1 and PD4 bit must be in frame- 
based data thinning mode. PD4 bit must be 1 in 
1/2 pulse width modulation mode. Show table 13. 

In the MPU programming method, the gradation 
level palettes must be read/written after 100 ms 



have elapsed after reset. Note that display is 
scattered during palette read/write. 

In the MPU programming method, gradation level 
palettes are not directly read from, but are read 
from via this register. Consequently, any data that 
happens to be in this register at that time is read 
out in the first read cycle, and then data 
corresponding to the specified address is 
transferred to this register and read from this 
register in the following read cycle. The address is 
incremented (or R-, G-, and B-palettes are 
switched) at the same time. In other words, after 
address setting, the first data read is incorrect, and 
the second data read is correct Consequently, one 
dummy read is required after setting a gradation 
level palette address. Figure 32 shows the timing 
for reading a gradation level palette. 




Figure 31 Gradation Level Palette Data Register 



WR 



RD 



' (N+1) (N+2) 
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• X 
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X <») 
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(N): Data for address N 



Figure 32 Gradation Level Palette Data Read 
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Gradation Display Clock Period Register: The 

gradation display clock period register (figure 33), 
composed of nine valid bits, specifies the period of 
XCL1, the LCD data latch clock, when pulse 
width modulation method is used for gradation 
display. The value to write to this register is 
"specified number - 1," in units of dots. Eight 
through 512 dots can be specified. Note that this 
register is invalid in with-memory mode. 
This register is set automatically in VGA mode. 



• GC8-GC0bits: Specify the number of dots for 
Tl; Tl is the period of XCL1 for 1/2 pulse 
width gradation display. When the total 
number of dots for one period of the YCL1 
clock pulse cannot be divided by two for 1/2 
pulse width gradation display, the remainder is 
added to Tl as Tl\ where Tl' = T L - Tl 
(figure 34). 
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Figure 33 Gradation Display Clock Period Register 



YCL1 



XCL1 




(1/2 pulse width) 



Figure 34 T L ,Tl,andT' 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



753 



HD66850F 



Reset Description 

The R ES signal resets and starts the CLINE. The 
RES signal must be supplied at each power-on. 
Reset is defined as shown in figure 35. 

Pin: In principle, the RES signal does not control 
output signals and it operates regardless of other 
input signals. The reset states of input/output pins 
are described below. 

• D0-D7: Not affected by reset. These pins 
output data even during the reset state when 
RD = 0, CS~= 0, RS = 1, and WR = 1, in the 
MPU programming method. 



• A0-A5: Always output 0s during the reset state 
in the ROM programming method. Otherwise, 
these pins serve as input pins. 

Registers: The contents of all internal registers are 
lost and cleared; the desired data must be rewritten 
after reset. 

Palettes: Palettes are automatically loaded after 
reset with the appropriate data according to the 
display mode. When data different from the 
automatically set data is needed, the data must be 
overwritten 100 jus or more after reset. (100 \xs is 
required for automatic data setting.) 



RES 



0.8 V 



Reset state 



0.8 V 
After reset 



Figure 35 Reset Definition 



754 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza * 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66850F 



There are some restrictions and notices in the 
HD66850R Please check the following content, 
and use it. 

Input Signal Timing 

HSYNC, VSYNC Asserted Width: The HSYNC 
and VSYNC input signals have the minimum 
asserted width to operate correctly, please keep the 
asserted width with the below value or more. 



HSYNC to VSYNC, HSYNC to BLANK Phase 
Shift: There are some restrictions between 
HSYNC and VSYNC, and HSYNC and BLANK. 
Don't input them within the restricted phase shift. 



Table 16 HSYNC, VSYNC Asserted Width 

Condition Item 

All mode Asserted HSYNC 

Asserted VSYNC ~~ 



Symbol Minimum Dots 

a 12 dots or more 

b 2 rasters or mode 



Table 17 VSYNC, BLANK Phase Shift 

Condition Item Symbol Available Dots 

All mode VSYNC c 3 dots or less, 1 6 dots or 

more 

BLANK d 1 dot or more 

Note: In VGA mode, the polarities of HSYNC and VSYNC depend on the display resolution on CRT, but 
we will explain them as the active-high input in this document. 



HSYNC JL 
VSYNC 



ka 



Figure 36 HSYNC, VSYNC Asserted Width 



HSYNC 



VSYNC 
BLANK 



Hc|< 



J~L 



d« 



Figure 37 VSYNC, BLANK Phase Shift 
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Total Horizontal Dots: HD66850F needs 48 dots 
for the horizontal retrace period, and the HSYNC 
period must be 688 dots or more when 640 dots 
display, 768 dots or more when 720 dots display. 



Horizontal Front Porch : There is a restriction 
about the horizontal front porch (from negated 
BLANK to asserted HSYNC) as the below in 
VGA mode. Please input them with the minimum 
value or more. Especially in 320 or 360 dots wide, 
period of the front porch is usually just 3 or 4 dots. 
Please delay HSYNC asserted timing, and hold the 
minimum value. Otherwise the first line on a panel 
will be incorrect. 



Table 18 Total Horizontal Dots 

Condition Symbol Minimum Dots 

All mode e 688 dots, (when 640 dots display) 

768 dots, (when 720 dots display) 



Table 19 Horizontal Front Porch 



Dot Adjust 



Condition Symbol Item 



-2 -1 ±0 +1 +2 +3 +4 +5 +6 



VGA mode f 



Horizontal 320 or 
640 dots display 



1 dot or more 



3 dots or more 



Horizontal 360 or 
720 dots display 



1 dot or more 



5 dots or more 



7 dots 
or 

more 



Note: The BLANK 'High' width (g) must be 328 or 336 dots in 320 dots display, 376 dots in 360 dots 
display, 656 dots in 640 dots display, and 738 dots display in 720 dots display. 




Figure 38 Total Horizontal Dots 




Figure 39 Horizontal Front Porch 
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When it displays 720 dots wide (text mode) on 
640 dots panel in VGA mode, HD66850F removes 
1 dot from each 9 dots. It may not display 
correctly according to the combination of the dot 
ajust and the period from negated BLANK to 
asserted HSYNC (h in figure 4). In this case, 
please change the dot adjust, or delay asserted 
timing of HSYNC. 



This restriction causes trouble when the below 
equation is satisfied. When the total horizontal dot 
is 900 dots wide, and the period between negated 
BLANK to asserted HSYNC is 'h* dots, 
4x[(h-2)/4t] = 9xM+ A 
(T: revaluation, M and A: integer) 
The 'A' which causes trouble depends on the dot 
ajust as below. 



Table 20 Display Period + Horizontal Front Porch 

Dot Adjust 



Condition 


Symbol Item 




o 


—1 


4-0 


▼ i 


. o 


▼o 




. c 


.a 
▼o 


VGA mode 


h Monochrome 


743 to 746 dots 


NG 


ok 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


& with 
buffer 
memory 


or 8/1 6 colors 
mode 


747 to 750 dots 


NG 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


ok 


751 to 754 dots 


ok 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


NG 


mode, 720 
dots display 
on 640 dots 




755 to 758 dots 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


ok 


NG 




759 to 762 dots 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


NG 


ok 


panel 




763 to 766 dots 


ok 


ok 


NG 


ok 


ok 


ok 


ok 


NG 


ok 




64/512/4096 


743 to 764 dots 


ok 


NG 


ok 


ok 


ok 


ok 


NG 


Ok 


ok 




colors mode 


747 to 750 dots 


ok 


NG 


ok 


ok 


ok 


NG 


ok 


ok 


ok 






751 to 754 dots 


NG 


ok 


ok 


ok 


ok 


NG 


Ok 


ok 


ok 






755 to 758 dots 


NG 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


ok 






759 to 762 dots 


ok 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


NG 






763 to 766 dots 


ok 


ok 


ok 


NG 


ok 


ok 


ok 


ok 


NG 


NGte: The total horizontal dot must be 900 dots wide. 




























Dot Adjust 












Parameter 


Item 


-2 -1 


±0 


+1 


+2 


+3 


+4 




+5 


+6 


A 


Monochrome or 8/16 


1 2 


3 


4 


5 




6 


7 




8 







colors mode 


6 7 


8 





1 




2 


3 




4 


5 




64/512/4096 colors 


1 


2 


3 


4 




5 


6 




7 


8 




mode 


5 6 


7 


8 


o 




1 


2 




3 


4 
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Automatic Judgement of VGA Display VSYNC, and HSYNC, and the width of BLANK 
Resolution: In VGA mode, HD66850 judges the 'H' automatically. Please input these signals as 
current display resolution from the polarities of below to judge the correct resolution. 



Table 21 BLANK 'High* Level Width 

Condition Symbol VGA Mode No. Horizontal Resolution BLANK H Width 



VGA mode 


j 0/1 


360 wide 




378 dots 




2/3,7 


720 wide 




738 dots 




4/5 


320 wide 




336 dots 




6 f F f 10 f 11,12 


640 wide 




656 dots 




13 (256 col) 


320 wide 




328 dots 


Table 22 Polarities of HSYNC and VSYNC 








Condition 


VGA Mode No. Vertical Resolution 


HSYNC VSYNC 


VGA mode 


F, 10 350 raster high 




Positive Negative 




0/1 , 2/3, 4/5, 6, 7, 1 3 400 raster high 




Negative Positive 




11, 12 480 raster high 




Negative Negative 






BLANK _T 


— j 







Figure 40 BLANK High Level Width 
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indicates just the dis play area from BLANK input 
So, please input the BLANK with the horizontal 
border dot wide and vertical border high raster as 
below. 



Table 23 Number of Horizontal Border Dot 

Condition Symbol VGA Mode No. Resolution Border 

VGA mode k 0/1 360 9 dots 



2/3,7 


720 


9 dots 


4/5 


320 


8 dots 


6, F, 10, 11,12 


640 


8 dots 



13 (256 col) 320 4 dots 



Table 24 Number of Vertical Border Raster 

Condition Symbol VGA Mode No. Resolution Border 

VGA mode m F, 10 350 6 rasters 

0/1 , 2/3, 4/5, 6, 7, 1 3 400 7 rasters 

11,12 480 8 rasters 



Border Border 


-» 


k|«-Display->|«* 




BLANK 













Figure 41 Number of Horizontal Border Dot 



hsync jiJuuuijulIulj 

Border Display 

blank nnnnnnnh 



Figure 42 Number of Vertical Border Raster 
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When 64 k x 4 bit (256 k) or 128 k x 8 (1M) bit Usually, the vertical 480 rasters mode (VGA mode 

memory is attached for buffer memory, please 11, 12) has 6 or 7 border rasters, so this limitation 

satisfy the below relationship about vertical will be no problem, 
display and border raster. 

r Vertical n r Vertical border 1^512 
"•display raster-* ^ raster after display* raster 



Table 25 Vertical Display Raster + Vertical Border Raster After Display 

Vertical Display Raster + 
Condition Symbol Vertical Border Raster after Display 

VGA and with memory mode n 512 rasters or less 



VSYNC 



_n 


< n — 

< — display raster — > 


> 


n 


Border <- 

_jnnnnj^ 


<- Display 

nnnnnnri 


border <- 

iron 




Figure 43 


Vertical Display Raster 
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Asynchronous Mode 

In asynchronous mode, the set data in the 
gradation palette is broken owing to the dot adjust 
during display. To avoid this problem, in MPU and 
ROM programming method, please write T to bit 
4 (BM mode) of the border control register (R7), 
and all '0' to bit 3-0 (border color) of R7. The 
register R7 must be '10H\ In pin programming 
method, please adjust display timing with AJ3- 



AJO pins, and start to display just from left edge 
on an LCD panel without border dot, rfse the 
BLANK input at same DOTCLK edge as change 
of the video data (R/G/B). 
In 8/16 colors mode, this restriction is no problem 
in any mode because HD66850F does not access 
the gradation palette. In 64 / 512 / 4096 colors 
mode, it does not support asynchronous mode. 



same edge for DOTCLK 



DOTCLK 

BLANK 
R/G/B 




Border color X Display X Display Y ~ 



Figure 44 Countermeasure in the Pin Programming Method 
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Frame Period 

In synchronous with-memory mode, DOTCLK 
and ilame period for CRT are same as one for 
LCD. When it displays on a full screen with 
stretching or centering function, HD66850F needs 
to extend the frame period for displaying on LCD. 
If this frame period for LCD were longer than one 
for CRT, HD66850F can not work correctly. 
HD66850F needs 48 dots period for the horizontal 
retrace, and number of the total horizontal dot for 
LCD is number of the horizontal display dot + 48 
dots. This minimum frame period which is 
necessary to display on LCD is shown as below. 

Minimum frame /Number of horizontal +4 g\ 
period for LCD ~ v display dot ' 
x Vertical panel size [dots] 

The frame period for CRT must be longer than the 
above minimum one for LCD. 
For example, when HD66850F stretchs CRT 
resolution with 640 x 350 dots to the LCD panel 
with 640 x 480 dots, the minimum frame period 
for LCD is (640 + 48) x 480 = 330, 240 dots. 

On the other hand, when number of the total 
horizontal dot for CRT is 800 dots wide, 330, 
240/800 = 412.8 rasters, so HD66850F needs 413 
or more rasters high as the total vertical raster for 
CRT. 

In asynchronous mode, HD66850F separates LCD 
clock (LDOTCK) from CRT clock (DOTCK), and 
the both frame period are different. So, this 
limitation is no problem. 

LCD Alternating Signal M 

When LCD alternating signal M is changed at 
same line in each frame, brightness of the line 
differs from one of another line. To avoid this 
problem, the signal M is ususally controlled to 



change at different line in each frame. But period 
of the signal M may synchronize with the frame 
period according to the total vertical raster. In this 
case, adjust period of the M, and don't synchronize 
them. 

Especially, it is easy to synchronize them in VGA 
720 x 400 dots mode. For example, when it 
displays 720 x 400 dots in synchronous with- 
memory mode, usaually number of the total 
horizontal dot for CRT is 900 dots wide, and 
number of the total vertical raster is 448 rasters 
high, so the frame period for CRT is 900 x 448 = 
403,200 [dots]. On the other hand, number of the 
total horizontal dot for LCD is 720 + 48 = 768 
dots wide, and the frame period (403,200 dots) 
divided by a total horizontal dot for LCD (766 
dots) is 512 which is interger. So, when line 
number of period of the M equals to the following 
divisor of 512: 

[1, 3, 5, 7, 15, 21, 25, 35, 75, 105, 175] (lines), 

period of the M synchronizes with the frame 
period, and a horizontal bright line is appeared 
when the M is changed. 

Vertical Centering 

Number of vertical centering line depends on 'the 
value in register (R5) + V in non-VGA mode, or 
on the VSIZE pin and display resolution in VGA 
mode. But when '0' is written in the register (R5) 
and the vertical centering is enabled, HD66850F 
can not works correctly. Don't set '0' in the register 
(R5). And when number of vertical display raster 
is same as the vertical panel size (VSIZE), the 
vertical centering enable bit (bit 3 in R0) must be 
cleared. Especially in VGA mode, please update 
the enable bit according to selected VGA display 
mode. 

When stretching function is selected, there is no 
restriction about setting '0' in the stretching 
registers (R8,R9, R10). 
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Table 26 Notes on VGA Mode Usage by LCD Panel Size 


Horizontal 
Size (dots) 


Vertical 
Size (lines) 


Notes 


640 




• In VGA text modes (0/1 , 2/3, 7), there is no space between characters. 


720 




• In VGA graphic modes (4/5, 6, F, 10, 11, 12, 13), horizontal centering is 
necessary. (Display is automatically centered horizontally in with- 
memory rrtoue. oee note ueiow.j 




400 


• Data on line 401 through line 480 in VGA 640-by-480 graphic modes 
(11,12) are not displayed. 

• Vertical centering or stretching is necessary for VGA 640-by-350 graphic 
modes (F, 1 0). (Display is automatically stretched in with-memory mode. 
See note below.) 




480 


• Vertical centering or stretching is necessary for VGA text modes 



(0/1 , 2/3, 7). (Display is automatically stretched in with-memory mode. 
See note below.) 

• Vertical centering or stretching is necessary for VGA 640-by-200 or 
320-by-200 graphic modes (4/5, 6, 13). (Display is automatically 
stretched in with-memory mode. See note below.) 

• Vertical centering or stretching is necessary for VGA 640-by-350 graphic 
modes (F, 10). (Display is automatically stretched in with-memory mode. 
See note below.) 

Note: For without-memory mode, external circuits or BIOS tuning are required. 
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Table 27 Notes on Internal Register Settings 

Register Notes 

No. Bits Register or Bit Function VGA Non-VGA 

RO STE Stretching enable 1 1 

RO CRE Vertical centering enable 2 2 

RO CCE Horizontal centering enable 3 4 

RO SP Double-width display set 5 4 

RO DISPON Display on 6 6 

R1 DOTE Dot clock phase select 4 4 

R1 AJ3-AJ0 Display timing adjust 4 4 

R2 DH6-DH0 Display horizontal size set 7 4 

R3-R4 DV8-DV0 Display vertical size set 8 4 

R5 CR7-CR0 Centering raster set 8 4 

R6 CC4-CC0 Centering character set 3 4 

R7 BM Border control mode select 9 9 

R7 BCI f BCR, BCG, BCB Border color select 1 1 

R8 SF3-SF0 . Stretching period 8 4 

R9-R10 SI15-SI0 Stretching index set — — • 

R11 PS1-PS0 Gradation display palette select 11 11 

R11 PA3-PA0 Gradation display palette address set 

R12 PD5-PD0 Gradation level palette data set 

R13-R14 GC8-OC0 Gradation display clock period set 7 12 

Notes: 1 . Simultaneous use with vertical centering function is impossible. 

2. Simultaneous use with stretching function is impossible. 

3. Automatically set for a 640- or 320-dot-wide display on a 720-dot-wide LCD panel; cannot be 
rewritten. 

4. Must be set after reset. 

5. Automatically set for a middle-resolution display; cannot be rewritten. 

6. Display will turn on four frames after reset. Display will not turn on during four frames after 
reset. 

7. Automatically set according to the horizontal panel size and number of displayed horizontal 
dots; cannot be rewritten. 

8. Automatically set according to the vertical panel size and polarity of HSYNC and VSYNC 
signals; cannot be rewritten. 

9. Available only in with-memory mode. 

1 0. Available only in asynchronous with-memory mode. 

11. In the MPU programming method, automatically set for 1 6-level display after reset; can be 
rewritten 100 fis after reset. In ROM programming method, appropriate data must be written. 

12. In with-memory mode, automatically set according to the horizontal panel size and number of 
displayed horizontal dots; cannot be rewritten. For without-memory mode, appropriate data 
must be written after reset. 
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Table 28 Limits on Register Values 



Register Function 


Applied to 


Limits 


Horizontal display 
size control 


R2 


4 < Nchd £ (R2 + 1 ) £ 90 (HSIZE * 1 ) 
4£ Nchd £ (R2 + 1) £ 80 (HSIZE - 0) 


Vertical display 
size control 


R3, R4 


4£Ncvd£(R3, R4+1)<512 


Vertical centering 


R3, R4, R5 


2<(R5 + 1)<256 

(R5 + 1) x 2 + Ncvd - (R3, R4 + 1) 


Horizontal centering 


DO DC 

Hd % Ho 


O ^ /DC . A \ ^ OO 

Z S (Kb + 1 ) < 32 

(R6+1)x2 + Nchd«(R2+1) 


Gradation display 
clock period control 


R13.R14 


(R13, R14 + 1) - (Ncht x 8)/n (MMODE1 - 1) 
n: 2 for 1/2 pulse width gradation display 
(R2 + 1) + 8 < Ncht (NMODE1 - 0) 


Miscellaneous 


R2, R3, R4 


1/2fDOTCLK^{(R + 1) + 6}x8x 
(R3,R4+1)xf FLM <; 2fDOTCLK 
(SYNC - 0) 



Total number of characters on a CRT horizontal line 

(total number of dots on a CRT horizontal line x 1/8) 

Number of characters displayed on a CRT horizontal line 

(number of dots displayed on a CRT horizontal line x 1/8) 

Number of lines displayed from screen top to bottom on the CRT display 

LCD dot clock frequency 

CRT dot clock frequency 

Frame frequency 



Absolute Maximum Ratings 



Item 


Symbol 


Ratings 


Unit 


Power supply voltage 


Vcc 


-0.3 to 7.0 


V 


Input voltage 


Vin 


-0-3 to V cc + 0.3 


V 


Operating temperature 


T"opr 


-20 to +75 


°C 


Storage temperature 


T *9 


-55 to +125 


°C 



Notes: 1 . Permanent LSI damage may occur if maximum ratings are exceeded. 

Normal operation should be under recommended operating conditions (V cc - 5.0 ± 10%, 
GND « 0V, Ta « -20°C to +75°C. (If these conditions are exceeded, LSI reliability may be 
affected. 

2. All voltages are referenced to GND - V. 



Ncht: 

Nchd: 

Ncvd: 
f ldotck" 

f DOTCLK : 
*FLM : 
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Electrical Characteristics 



DC Characteristics (V cc = 5.0 V ± 10%, GND = V, Ta = -20 to +75°C, unless otherwise specified) 



HOI II 




OylilUv/l 


Min 

■Villi 


May 

IVlOlA 


Unit 

Willi 


IVOl VAJllUIUUIl 


Inmit hinh- 

II IfJUl 1 ll^l 1 




V... 
V IH 


V CC 




V 




level 
voltage 


DOTE/RD/A5, SP/WR/A4 




2.2 




v 




Other input pins* 1 









V 




Input low-level 
voltage 




v.. 




v/.o 


V 




Output high- 


TTL interface pins* 2 


VOH 


2.4 




V 


Iqh - -200 uA 


level voltage 


CMOS interface pins* 3 




V cc -0.8 




V 


l OH - -200 uA 


Output low- 


TTL interface pins* 2 


Vex 




0.4 


V 


Iql-1-6 mA 


level voltage 


CMOS interface pins* 3 






0.8 


V 


I O l-200uA 


Input leakage current 


hi 


-2.5 


+2.5 


HA 




Three-state leakage current 


H-sl 


-10.0 


10.0 


ha 




Current consumption 


be 




100 


mA 


Output pins open 



Notes: 1. ahennput pins: DOTCLK, HSYNC, VSYNC, BLANK, MS0-MS15, LDOTCK, D0-D7, 
AJ3/CS/A3, AJ2/RS/A2, AJ1/A1 , AJ0/A0, R0-R3, G0-G3, B0-B3, PMODE1 , PMODE0, 



LMODE0-LMODE4, MMODE1, MMODEOSYNC, VMODE, VSIZE^HSIZE, TEST1, TEST0 

2. TTL interface output pins: D0-D7, DO TE/RD/A5, SP /WR/A4, AJ3/CS/A3 , AJ2/RS/A2, AJ1/A1 , 
AJ0/A0, MD0-MD15, MA0-MA7, MA8/SOE1 , SOE0, WE, DT/OE, RAS1, RAS0, CAS, CASL, 
SC 

3. CMOS interface output pins: UD0-UD7, LD0-LD7, XCL1 , YCL1 , CL2, FLM, M, SCLK, DISPON, 
DATAE 
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AC Characteristics (V cc = 5.0 V ± 10%, GND = V, Ta = -20 to +75°C, unless otherwise specified) 

Video interface 

No. Item Symbol Min Max Unit Reference 

1 DOTCLK cycle time T"cycp 31.2 62.5 ns Figure 45 

2 DOTCLK low-level pulse width tyy^ 15 — ns 

3 DOTCLK high-level pulse width tyyoH 15 ~ ns 

4 DOTCLK rise time t Dr — 5 ns 

5 DOTCLK fall time tgf — 5 ns 

6 Video data setup time t V os 10 — ns 

7 Video data hold time t V DH 10 — ns 

8 BLANK setup time t BLS 10 — ns 

9 BLANK hold time X^m 10 — ns 

1 BLANK low-level pulse width t BLW 12 — us 

11 BLANK phase shift t BLPD 2Tc — ns 

1 2 Phase shift setup time tpps 2Tb ns 

13 Phase shift hold time tpon 2Tc — ns 
Tc: DOTCLK cycle time 
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DOTCLK 



R0-R3 
G0-G3 
B0-B3 

BLANK 



BLANK 



HSYNC 
VSYNC 



© 



© 
< > 



© 



/ c0.8 V 



® 



2.0 V 



© 



^/l.5 V 



® 



-«1.5V 1.5V. 
S v0. 9V 



X2.0V 
0.8 V 



k w > 



sKo.8 V 



X2.0V 
0.8 V 



® 



AT 



X 



X 



1/ 



/0.8 V 



HSYNC 



VSYNC 



\ 0.8 V 



< w > 



& 



T 0.8 V 



/2.0 V 
jK 0.8 V 



\ 



\ 



Figure 45 Video Interface 
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Memory interface 



No. 


Item 


Symbol 


Mln 


Max 


Unit 


Reference 


14 


RAS cycle time 


*RC 


12TC-10 


— 


ns 


Figure 46 


15 


RAS low-level pulse width 


*RAS 


5Tc 


128TC-20 


ns 




16 


RAS high-level pulse width 


W 


4Tc-40 


— 


ns 




17 


CAS hold time 




6TC-50 


— 


ns 




18 


RAS, CAS delay time 


tRCD 


3TC-40 


— 


ns 




19 


CAS low-level pulse width 


feASl 


3TC-35 


— 


ns 




20 


CASL low-level pulse width 


*CAS2 


2TC-30 


— 


ns 




21 


CAS high-level pulse width 


*CP1 


ITc-20 


— 


ns 




22 


CASL high-level pulse width 


tcp 2 


2TC-20 


— ■ 


ns 




23 


CAS cycle time 


tpc 


4TC-20 




ns 




24 


RAS hold time 




4Tc-40 


— 


ns 




25 


Row address setup time 




2TC-50 


— 


ns 




26 


Row address hold time 


*RAH 


2TC-30 


— 


ns 




27 


Column address setup time 


Use 


ITc-30 


— 


ns 




28 


Column address hold time 


*CAH 


2TC-40 


— 


ns 




29 


WE setup time 


tws 


2TC-50 


— 


ns 




30 


WE hold time 


*WH 


2TC-40 




ns 




31 


Memory data setup time 


*MDS 


1Tc-30 


— 


ns 




32 


Memory data hold time 


^MDH 


2Tc-35 




ns 




33 


Data transfer DT/OE setup time 


tnTQ 

LSI 9 


2Tc-50 




ns 


Figure 47 


34 


Data transfer DT/OE hold time 


^DTH 


6Tc-50 




ns 




35 


Phase shift between CAS and 
DT/OE 


t£DH 


2Tc-40 




ns 




36 


Phase shift between CAS and 
DT/OE 


*DTR 


2TC-50 


— 


ns 




37 


CAS setup time 


fcSR 


2TC-50 


— 


ns 


Figure 48 


38 


CAS hold time 


tCHR 


6TC-50 


— 


ns 




39 


Phase shift between RAS and CAS 


tRPC 


2TC-50 


— 


ns 




40 


SC cycle time 


t SCC 


4T L -10 




ns 


Figure 49 


41 


SC high-level pulse width 


tsc 


2T L -50 




ns 




42 


SC low-level pulse width 


tscp 


2T L -50 




ns 




43 


Memory data read setup time 


*RDS 


40 




ns 




44 


Memory data read hold time 


tRDH 


5 




ns 




45 


Phase shift between SOE and SC 


*DSE 


20 




ns 





T c : DOTCLK cycle time 

Tl: LDOTCK cycle time (» T c for synchronous mode) 
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RAS 



CAS 
CASL 



V0.8V 



< — > 



MAO-8 



X 



9 



WE 



MDO-15 



3£ 



2.4 V 



^ « — * ^— 

V0.8V 7 Z < ©• 



k — H k— >i 



X 



H — H 



A*™ / c _A 



■< > 



® 



0.8 V 



7" 



7 

7"' 



2.4 V 



k — ^ — 



V 



2.4 V 



X 



Figure 46 Memory Interface (write) 




Figure 47 Memory Interface (data transfer) 
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Figure 48 Memory Interface (refresh) 




Figure 49 Memory Interface (serial read) 
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LCD driver interface 



No. 


Item 


Symbol 


Min 


Max 


Unit Reference 


46 


CL2 cycle time 


twCL2 


2T L -10*1 





ns Figure 50 








4T L -10 # 2 












8T L -10*3 












16T L -10^ 






47 


CL2 high-level pulse width 


*WCL2H 


1T L -40* 1 





ns 








2T L -40*2 












4T L -40*3 












8T L -40*4 






48 


CL2 low-level pulse width 


twCL2L 


1T L -40*1 





ns 








2T L -40*1 












4T L -40*2 












8T L -40*4 






49 


CL1 high-level pulse width 


twCUh 


150 




ns 


50 


LCD data delay time 







30 


ns 


51 


CL1 setup time 


tscu 


200 





ns 


52 


CL1 hold time 


Ihcli 


200 





ns 


53 


M output delay time 


*DM 


— 


100 


ns 


54 


FLM setup time 


tHF 


100 




ns 


55 


LDOTCK cycle time 


tCYCL 


31.2 


100 


ns 


56 


LDOTCK high-level pulse width 


tWLL 


15 




ns 


57 


LDOTCK low-level pulse width 


twLH 


15 




ns 


58 


LDOTCK rise time 


tLr 




5 


ns 


59 


LDOTCK fall time 


t L f 




5 


ns 



T|_: LDOTCK cycle time (« Tc for synchronous mode) 



Notes: 1 . For display modes 9, 13, 1 6, 1 9, and 20 

2. For display modes 1, 5, 10, 11, 14, 15, 17, and 18 

3. For display modes 2, 3, 6, 7, and 12 

4. For display modes 4, and 8 
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Figure 50 LCD Driver Interface 



MPU interface 



No. 


Item 


Symbol 


Mln 


Max 


Unit 


Reference 


60 


RD low-level pulse width 


*WRDL 


4T C 




ns 


Figure 51 


61 


RD high-level pulse width 


*WRDH 


4T C 




ns 




62 


WR low-level pulse width 


twWRL 


4T G 




ns 




63 


WR high-level pulse width 


*WWRH 


4T C 




ns 




64 


RD input inhibited time 


*RIH 


4T C 




ns 




65 


WR input inhibited time 


*WIH 


4T C 




ns 




66 


Address setup time 


Us 







ns 




67 


Address hold time 


Uh 







ns 




68 


Data delay time 


bDR 




100 


ns 




69 


Data output hold time 


*DHR 


10 




ns 




70 


Data setup time 


tosw 







ns 




71 


Data hold time 


*DHW 







ns 





T c : DOTCLK cycle time 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 773 



HD66850F 




774 



HITACHI 

Hitachi America, Ltd. « Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66850F 



ROM interface 



No. 


Item 


Symbol 


Min Max 


Unit 


Reference 


72 


ROM address cycle time 




16T c -20 — 


ns 


Figure 52 


73 


ROM data setup time 


*DSWD 


150 — 


ns 




74 


ROM data hold time 


tDHWD 


10 — 


ns 






DOTCLK cycle time 












Figure 52 ROM Interface 



RES timing 
No. Item 



Symbol , Mln 



Max 



Unit Reference 



75 RES low-level pulse width 



*RES 



1 



u.s Figure 53 




Figure 53 Reset Timing 
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Load circuit 










Pins 


Rl 


R 


C 


Reference 


MAO - MA7, MA8/SOE1 , DT/OE, WE, CAS, CASL, 
RASO, RAS1, SOEO, MDO - MD15, DO - D7, AO/AJO, 
A1/AJ1, A2/RS/AJ2, A3/CS/AJ3, A4/WR/SP, A5/RD/DOTE 


2.4 kft 


11 kfl 


40 pF 


Figure 54 


DISPON, DATAE, SCLK, M, FLM, CL2, YCL1, XCL1, 






40 pF 


Figure 55 



LD0-LD7, UDO - UD7 



+5V 
RL 



T 



77T 



77T 



C: 40 pF 
R: 11 kft 
RL: 2.4 kft 

All diodes are 
1S2074® 



Applicable MA0-MA7, MA8/SOE1 , DT/OE, WE, CAS^CASL, RASO, RAS1 , SOEO, MD0-MD1 5, 
Pins: DQ-D7, AO/AJO, A1 /AJ1 , A2/RS/AJ2, A3/CS/AJ3, A4/WR/SP, A5/RD/DOTE 



Figure 54 TTL Load Circuit 



±z 40 pF 

Applicable pins: DISPON, DATAE, SCLK, M, FLM, CL2, YCL1 , XCL1 , LDO - LD7, UDO - UD7 



Figure 55 Capacitive Load Circuit 
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Section Six 



Segment Type 
LCD Controller/Driver 



HITACHI 



HD61602/HD61603 

(Segment Type LCD Driver) 



Descripition 

The HD61602 and the HD61603 are liquid 
crystal display driver LSIs with a TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 

The HD61602 incorporates the power supply 
circuit for the liquid crystal display driver. 
Using the software-controlled liquid crystal 
driving method, several types of liquid crys- 
tals can be connected according to the 
applications. 

The HD61603 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 



Features 

• Wide-range operating voltage 

— Operates in a wide range of supply 

voltage: 2.2 V to 5.5 V 
—Compatible with TTL interface at 4.5 V 

to 5.5 V 

• Low current consumption 

— Can run from a battery power supply 
(100 fiA max. at 5 V) 

—Standby input enables standby opera- 
tion at lower current consumption (5 
/jtA max. on 5 V) 

• Internal power supply circuit for liquid 
crystal display driver (HD61602) 

— Internal power supply circuit for liquid 
crystal display driver facilitates the 
connection to a microprocessor system 



Versatile segment driving capacity 



Type No. Driving Method 



Display 
Segments 



Example of Use 



Frame Freq. (Hz) 
at fose = 100 kHz 



Package 



HD61602 Static 



51 



8 segments x 6 digits + 3 marks 33 



1/2 bias 1/2 duty 102 



8 segments x 1 2 digits + 6 marks 65 



1/3 bias 1/3 duty 153 



9 segments x 1 7 digits 



208 



1/4 duty 204 



8 segments x 25 digits + 4 marks 223 



80-pin 
-Plastic 
QFP 

" FP-80 ■• 
- (FP-80A) 
TFP-80 7 



HD61603 Static 



64 



8 segments x 8 digits 



33 



80-pin 
Plastic 
QFP 
(FP-80) 



Ordering Information 



Type No. 


Package 


HD61602R 


80-pin plastic QFP (FP-80) 


HD61602RH 


80-pin plastic QFP (FP-80A) 


HD61602TF 


80-pin thin plastic QFP (TFP-80)* 


HD61603R 


80-pin plastic QFP (FP-80) 



Under development 
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Pin Arrangement (Top View) 



HD61602 



HD61603 




CO CO >- UJ UJ IU 
OO U)IA<OV) 



UJUJUJ 
COCO CO 



ui UJ UJ UJ LU UJ UJ 
0) CO CO CO CO CO CO 



vc 2 c 

v 2 
v 3 

COMo 
COM, 



BSEG13 
SEG, 4 
QSECb 
SEGie 
SEG, 7 
SEG,e 

□ SEG, 9 

□ SEG ?0 

□ SEG21 
SEG 22 
SEG 23 
SEG 24 

□ SEG 25 
□SEG 26 
□SEG 27 

SEG 28 
SEG29 
SEG30 
SEG31 

□ SEG 32 

□ SEG33 

□ SEG34 

BSEG 35 
SEG 36 



V D oC 
READY C : 
*C5C 3 

wio 
° 3 U 

D 2 [I 

DiO 

DoC'o 

VssE!" 

V 3 
COMo C 13 
SEGmQ" 
SEG e2 p 
SEG 6 , [ 
SEGeoL 
SEGsgD'" 
SEG 58 Ci9 
SEG57 l 
SEG 58 [ 
SEG 55 [ 

SEG54 r 

SEG 5 3Cl24 



nnnnnnnnnnnnnnnn 



" □ SEG, 3 
«□ SEG, 4 
jSEG, 5 
JSEGte 
"□SEG 17 
TSEG,8 
1 SEG, 9 

JSEG 20 
SEG21 
»□ SEG 22 
" □ SEG 23 
is 3 SEG 24 
HSEG 25 
] SEG 26 
]SEG 27 
]SEG 28 
JSEG 29 

17 SEG30 

□ SEG 3 , 
« □ SEG 32 
14 3 SEG33 
•a □ SEG 34 
]SEG 35 
] SEG 38 



OO UJ UJUJUJ UJ UJ UJ U) UJ UJ UJ UJUJUJ 

UO co coco co to CO CO co co to co COCO CO 

(FP-80) 



(Top View) 



111 ■•■ 1T1 rr. rr. rr, Jjj j-j jg jjj jjj jjj »rf >rf 
to co co to to co 

(FP-80) 



HD61602 



3C/)(/)C/)C/}</)</)CA(/)(/)<AC/j 



^ nnnnnnnnnnnnnnnnnnnn 




222222S222222 
(FP-80A) 



(Top View) 
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Block Diagram 



HD61602 



READY 

cs' 
We 



a \£ 



osc 



("Data j 
controller | 



LCD driving 

timing 

generator 



RAM write 

timing 

generator 



Do-dT* 1 



SB 



Data latch 
8 bits x 2 



" y Parallel/serial ^ 

1 converter * 



setting ♦ Operation 
Jai2b_FMode 



Address 
decoder 



3 



Com- 
mon 
driver 



Display 
data RAM 



LCD driving 

voltage 

generator 



to V DD 



Driving 
voltage 
selection 



Segment 
driver 



_Lk Common output 
-v? (4 lines) 



-L\ Segment output 



? (51 lines) 



HD61603 



osc 




LCD driving 

timing 

generator 



RAM write 
timing generator 



3 



Parallel/serial 
converter 



=0 



Common 
driver 



Display 
data RAM 



Segment 



_ Common 
* output 



Segment 



— **S driver output 
IfM rr~r (64 lines) 



Absolute Maximum Ratings 






Item 


Symbol 


Limit 


Unit 


Power supply voltage * 


V DD , Vi,V 2 , V 3 


0.3 to + 7.0 


V 


Terminal voltage * 


Vr 


0.3 to Vdd - 0.3 


V 


Operating temperature 


Topr 


-20 to +75 


•c 


Storage temperature 


Tstg 


-55 to +125 


'C 



* Value referenced to Vss = V. 

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using 
them within electrical characteristics limits is strongly recommended for normal operation. Use 
beyond these conditions will cause malfunction and poor reliability. 
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Recommended Operating Conditions 



Limit 



Item 


Symbol 


Min 


Typ 


Max 


Unit 


Power supply voltage 


Vdd 




2.2 




5.5 


V 




Vi, V 2 , V 3 





- 


Vdd 


V 


Terminal voltage * 


V T 









Vdd 


V 


Operating temperature 


Topr 




-20 




75 


°c 


* Value referenced to Vss = V. 












Electrical Characteristics 












DC Characteristics (1) 












(Vss = V, Vdd = 


4.5 to 5.5 V, Ta = -20 to +75°C, unless otherwise noted) 








Limit 








Item 




Symbol Min Typ 


Max 


Unit 


Test Condition 


Input high voltage 


OSCi 


Vihi 0.8V DD " 


Vdd 


V 






Others 


V, H2 2.0 


Vdd 


V 




Input low voltage 


OSCi 


V, L 1 




0.2 Vdd 


V 






Others 


V| L2 




0.8 


V 




Output leakage 
current 


READY 


lOH 




5 




V - V DD 


Output low 
voltage 


READY 


Vol 




0.4 


V 


Iol = 0.4 mA 


Input leakage 

current 

*1 


Input 
terminal 


hu 


■1.0 - 


1.0 


*A 


V IN - 0-Vdd 


Vi 


llL2 


■20 


20 


M 


V,n = 0-V 3 




v 2 , v 3 


l|L3 


•5.0 - 


5.0 






LCD driver voltage 
drop 


COM0-COM3 


V d 1 




0.3 


V 


± Id = 3 11 A for each 
COM, V 3 - Vdd-3 V 




SEG0-SEG50 


V d2 




0.6 


V 


±ld = 3 pi A for each 
SEG, V 3 - Vdd-3 V 


Power supply current 




Idd 




100 


*A 


During display* 
Rose = 360 kft 






Idd 




5 




At standby 


Internal driving 
voltage drop 


Vi, v 2 , v 3 


Vtr 




0.4 


V 


Vr E f2 = Vdd-1 V, 
C1-C4 = 0.3 /*F, 
RL = 3 MO 



* Except the transfer operation of display data and bit data. 
*1 Vi, V 2 : apply only to HD61602. 
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DC Characteristics (2) 

(Vss = 0V, Vdd = 2.2 to 3.8 V, Ta = -20 to +75°C, unless otherwise noted) 



Limit 



Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Input high voltage 




V,H 


0.8V DD 


— 


Vdd 


V 




Input low voltage 




V|L 







0.1 Vdd 


V 




Output leakage 
current 


READY 


lOH 




- 


5 


M 


Vin = Vdd 


Output low 
voltage 


READY 


Vol 


- 


- 


0.1 Vdd 


V 


Iol = 0.04 mA 


Input leakage 

current 

*1 


Input 
terminal 


liu 


-1.0 





1.0 


mA 


Vin - 0-Vdd 


Vi 


I|L2 


-20 




20 


M 


V, N = O-V3 




v 2 , v 3 


•lL3 


-5.0 


_ 


5.0 






LCD driver voltage 
drop 


COM0-COM3 


V d i 






0.3 


V 


±ld = 3 pi A for each 
COM, V 3 - Vdd-3 V 




SEG0—SEG50 


V d2 






0.6 


V 


±ld = 3 mA for each 
SEG, V 3 « Vdd~3 V 


Power supply current 




Iss 






50 


MA 


During display* 
Rose = 330 kto 






Isss 






5 


mA 


At standby 


Internal driving 
voltage drop 


Vi,V 2 ,V 3 


Vtr 






0.4 


V 


V RE F2 = Vdd-1 V, 
C1-C4 = 0.3 
RL = 3 MO, 
Vdd = 3-3.8 V 



* Except the transfer operation of display data and bit data. 
* 1 V1 , V 2 : apply only to HD61 602. 
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AC Characteristics (1) 

(Vss = V, Vdd = 4.5 to 5.5 V, Ta = -20 to+75°C, unless otherwise noted) 









Limit 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Oscillation frequency OSC2 


fosc 


70 


100 


130 


kHz 


Rose =360 k(2 


External clock OSC1 
frec|uency 


fosc 


70 


100 


130 


kHz 




External clock duty OSC1 


Duty 


40 


50 


60 


% 




I/O signal timing 


ts 


400 






ns 






tH 


10 


_ 


_ 


ns 






t\A/H 


300 


- 


- 


ns 






t\A/L 


400 






ns 






tWR 


400 






ns 






tDL 






1.0 


/is 


Figure 5 




tEN 


400 






ns 






t0P1 


9.5 




10.5 


Clock 


For display 
data transfer 




tOP2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise time and fall time 


t r , tf 






25 


ns 





AC Characteristics (2) 

(Vss = 0V, Vdd = 2.2 to 3.8 V, Ta = -20 to+75°C, unless otherwise noted) 









Limit . 








Item 


Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Oscillation frequency OSC2 


fosc 


70 


100 


130 


kHz 


Rose =330 kfl 


External clock OSC1 
frequency 


fosc 


70 


100 


130 


kHz 




External clock duty OSC1 


Duty 


40 


50 


60 


% 




I/O signal timing 


ts 


1.5 






MS 




(V DD = 3.0-3.8 V) 


tH 


1.0 






MS 






tWH 


1.5 






MS 






tWL 


1.5 






MS 






tDL 






2.0 


MS 


Figure 6 




tWR 


1.5 






MS 






tEN 


2.0 






MS 






tOP1 


9.5 




10.5 


Clock 


For display 
data transfer 




tOP2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise time and fall time 


tr, tf 






25 


ns 
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Figure 1 Write Timing 

(RE is fixed at high level, and SYNC at low level) 




Figure 2 Reset/Read Timing 

(CS and SYNC are fixed at low level) 



WE 



READY 



tDL 



\Vql 



t()P1 >*OP2 




Figure 3 READY Timing 

(When the READY output is always available) 
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Measurement 
terminal o~ 
(READY) 



Figure 4 SYNC Timing 



47 kQ £10 kQ 



30 pF j S1 20 kQ J 1 S2074H 



V DD 



£470 kQ 



Measurement 
terminal °~ 
(READY) 



±30 pF 



Figure 5 Bus Timing Load Circuit 
(LS-TTL Load) 



Figure 6 Bus Timing Load Circuit 
(CMOS Load) 
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Terminal Functions 
HD61602 Terminal Functions 



Terminal 
raeme 


No. of 
Lines 


Input/ Output 


Connected 
to 


Function 


V DD 


1 


Power supply 




Positive power supply. 


READY 


1 


NMOS open 
drain output 


MCU 


While data is being set in the display data RAM and 
mode setting latch in the LSI after data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low,_and the other 
in which low is output regardless of CS and RE. 


CS 


1 


Input 


MCU 


Chip select input. Data can be written only when 
this terminal is low. 


WE 


1 


Input 


MCU 


Write enable input. Input data of DO to D7 is lat- 
ched at the rising edge of WE. 


RE 


1 


Input 


MCU 


Resets the input data byte counter. After both CS 
and RE are low, the first data is recognized as the 
1st byte data. 


SB 


1 


Input 


MCU 


High level input stops LSI operations. 

1 . Stops oscillation and clock input. 

2. Stops LCD driver. 

3 . Stops writing data into display RAM . 


D0-D7 


8 


Input 


MCU 


Data input terminal for 8-bit x 2-byte data. 


V S s 


1 


Power supply 




Negative power supply. 


Vrefi 


1 


Output 


External 
R 


Reference voltage output. Generates LCD driving 

voltage. 


VreF2 


1 


Input 


External 
R 


Divides the reference voltage of Vrefi with external 
R to determine LCD driving voltage. Vref2 *? V1 . 


Vci , Vc2 


2 


Output 


External 
C 


Connection terminals for boosting C of LCD driving 
voltage generator. An external C is connected 
between Vci and Vc2. 


V1, v 2 , v 3 


3 


Output 
(Input) 


External 
C 


LCD driving voltage outputs. An external C is con- 
nected to each terminal. 


COMO-COM3 


4 


Output 


LCD 


LCD common (backplate) driving output. 


SEGo~SEGso 


51 


Output 


LCD 


LCD segment driving output. 


SYNC 


1 


Input 


MCU 


Synchronous input for 2 or more chips applica- 
tions. LCD driver timing circuit is reset by high 
input. LCD is off. 


OSC1 
OSC 2 


2 


Input 
Output 


External 
R 


Attach external R to these terminals for oscillation. 
An external clock (1 00 kHz) can be input to OSC1 . 



Note: Logic polarity is positive. 1 = high = active. 
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HD61603 Terminal Functions 

Terminal No. of 

Name Lines Input/Output 


Connected 
to 


Function 


Vdd 


1 


Power supply 




Positive power supply. 


READY 


1 


NMOS open 
drain output 


MCU 


While data is being set in the display data RAM and 
mode setting latch in the LSI after data transfer, low 
is output from the READY terminal to inhibit the 
next data input. 

There are two modes: one in which low is output 
only when both of CS and RE are low, and the other 
in which low is output regardless of CS and RE. 


CS 


1 


Input 


MCU 


Chip select input. Data can be written only when 
this terminal is low. 


WE 


1 


Input 


MCU 


Write enable input. Input data of Do to D3 is latched 
at the rising edge of WE. 


RE 


1 


Input 


MCU 


Reset the input data byte counter. After both of CS 
and RE are low, the first data is recognized as the 
1st byte data. 


SB 


1 


Input 


MCU 


High level input stops the LSI operations. 

1 . Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 


D0-D3 


4 


Input 


MCU 


Data input terminal from where 4-bit x 4 data are 
input. 


V SS 


1 


Power supply 




Negative power supply. 


v 3 


1 


Input 


Power 
supply 


Power supply input for LCD drive. Voltage between 
Vdd and V3 is used as driving voltage. 


COM 


1 


Output 


LCD 


LCD common (backplate) driving output. 


SEGo - SEG63 


64 


Output 


LCD 


LCD segment driving output. 


SYNC 


1 


Input 


MCU 


Synchronous input for 2 or more chips applica- 
tions. LCD driver timing circuit is reset by high 
input. LCD is off. 


OSC1 
OSC 2 


2 


Input 
Output 


External 
R 


Attach external R to these terminals for oscillation. 
An external clock (1 00 kHz) can be input to OSC1 . 



Note: Logic polarity is positive. 1 = high = active. 
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Display RAM 
HD61602 Display RAM 

The HD61602 has an internal display RAM 
shown in figure 7. Display data is stored in 
the RAM, or is read according to the LCD 



driving timing to display on the LCD. One bit 
of the RAM corresponds to 1 segment of the 
LCD. Note that some bits of the RAM cannot 
be displayed depending on LCD driving 
mode. 



Common address 
(COM0-COM3) 



Display RAM 



— y 

51 bits 

Segment address (SEG0--SEG50) 



Figure 7 Display RAM 
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Reading Data from Display RAM: A dis- 
play RAM segment address corresponds to a 
segment output. The data at segment 
address SEGn is output to segment output 
SEGn terminal. 



is reproduced on the LCD panel. 
When a 7-segment type LCD driver is con- 
nected, for example, the correspondence 
between the display RAM and the display 
pattern in each mode is as follows: 



A common address corresponds to the output 
timing of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 



1. Static drive 

In the static drive, only the column of 
COMo of display RAM is output. COMi to 
COM3 are not displayed. 



LCD connection 
a 




COMq 



LU LU IX) uj 

W W CO CO 



111 111 LU 111 
C/) C/) CO CO 



COM3 



COM 2 



COM, 



COMq 



Display RAM 




SEG 8 



SEG 8 SEG 10 SEGn SEG 12 SEG 13 SEG 14 SEG, 5 



2. 1/2 duty cycle drive 

In the 1/2 duty cycle drive, the columns of 



COMo and COMi of display RAM are out- 
put in time sharing. The columns of COM2 
and COM3 are not displayed. 



LCD connection 




^■10 to r» 

HI UJ LU LU 

co to CO CO 



-f- COMi 



-COMo 



COM3 



COM 2 



COMt 



COMq 



Display RAM 




DP 



SEG 4 SEG 5 SEG 6 SEG 7 SEG 8 SEGg 



3. 1/3 duty cycle drive 

In the 1/3 duty cycle drive, the columns of 
COMo to COM2 are output in time sharing. 
No column of COM3 is displayed. 



"Y" cannot be rewritten by display data 
(input on an 8-segment basis). Please use 
bit manipulation to turn on/off the dis- 
play of "Y". 
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Display RAM 



- COM2 


COM3 












COM 2 


Y 


Q 


b 






- COM, 


COM! 


f 


9 


c 






-COMo 


COMq 


e 


d 


DP 










SEG 3 


SEG 4 


SEG 5 


SEG 6 



4. 1/4 duty cycle drive 

In the 1/4 duty cycle drive, all the col- 
umns of COMo to COM3 are displayed. 



LCD connection 




Display RAM 



COM3 


f 


a 






COM2 


g 


b 






COM1 


e 


c 






COMo 


d 


DP 







SEG 2 SEG 3 SEG 4 
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Writing Data into Display RAM: Data is 
written into the display RAM in the following 
five methods: 

1. Bit manipulation 

Data is written into any bit of RAM on a 
bit basis. 

2. Static display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

3. 1/2 duty cycle display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/2 duty cycle drive. 

4. 1/3 duty cycle display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/3 duty cycle drive. 

5. 1/4 duty cycle display mode 



8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of 1/4 duty cycle drive. 

The RAM area and the alocation of the seg- 
ment data for 1-digit display depend on the 
driving methods as described in "Reading 
Data from Display RAM". 

8-bit data is written on a digit basis corre- 
sponding to the above duty cycle driving 
methods. The digits are allocated as shown 
figure 8 (allocation of digits). As the data can 
be transferred on a digit basis from a micro- 
processor, transfer efficiency is improved by 
allocating the LCD pattern according to the 
allocation of each bit data of the digit in the 
data RAM. 

Figure 8 shows the digit address (displayed 



(1) Static 
COMoCOIVhCOMz 



(2) 1/2 duty cycle 
display 



SEGo 
SEGi 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 

SEG 7 
SEG 8 

SEGg 

SEGio 

SEG 

SEG 12 

SEG 13 

SEGu 

SEG 15 

SEG 16 

SEG 17 

SEG 18 



AdO 



SEGso Ad< 



17" 



Ad1 



Ad2 



2 



SEGo 
SEGi 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 

SEGg 

SEG10 

SEG 11 
SEG12 
SEG13 
SEGu 
SEG 15 
SEGie 
SEGi 7 
SEGis 

SEG 50 



COM0COM1COM2 



- Ad1 



AdO 



Ad2 



Ad3 



Ad4 



Ad12 



(3) 1/3 duty cycle 
display 



(4) 



1 /4 duty cycle 
display 



COM0COM1COM2COM3 
SEGo 



SEGi 
SEG 2 
SEG 3 
SEG4 
SEG 5 
SEG 6 
SEG 7 
SEGg 

SEGg 

SEG 10 
SEG11 
SEG12 
SEG13 
SEG14 
SEG 15 
SEGie 
SEG17 
SEGis 

SEG50 



AdO 
-J h- 



Ad1 



H h 



Ad2 



Ad3 



Ad4 



Ad5 



H K 

Ad6 



Ad16 



v. 



COM0COM1COM2COM3 
SEGo 



SEGi 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG7 
SEG 8 
SEGg 

SEG10 
SEG11 
SEG12 
SEG13 
SEG 14 

SEG15 
SEGie 
SEG17 
SEGis 

SEG 50 



AdO 
— I — 



Ad1 



Ad2 
— I — 



Ad3 



Ad4 
— 1 — 



Ad5 



Ad6 



Ad7 
— I — 



Ad8 
1 — 



Ad24 
Ad25 



Figure 8 Allocation of Digit (HD61602) 
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as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 
Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 

However, when the digit address is Ad6 for 
static, Adl2 for 1/2 duty cycle, or Ad25 for 1/ 
4 duty cycle, display RAM does not have 
enough bits for the data. 

Thus the extra bits of the input 8-bit data are 
ignored. 



In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits) and a common address 
(2 bits) should be specified. 

HD61603 Display RAM 

The HD61603 has an internal display RAM an 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
terminal. 



(1) Static display 
COMo 



SEGan+4 
SEGsn+5 
SEGsn+6 

SEG 8n +7 



Bit 




(2) 1 /2 duty display 
COMo COM 1 



(3) 1 /3 duty display 

COM COM, COM 2 



SEG 8 


Bit 
7 


SEG>„ 


Bit 
7 


6 


SEG 3n 


Bit 
7 


6 




SEGsn + 1 


6 


SEG4n+1 


5 


4 


SEG3n+1 


5 


4 


3 


SEG8n+2 


5 


SEG4n+2 


3 


2 


SEG3 n +2 


2 


1 


Bit 



SEGsn+3 


4 


SEG4n+3 


1 


Bit 












(4) 1 /4 duty display 

COMo COM iCOM 2 COM 3 



SEG 2n 

SEG2n+1 



Bit 
7 


6 


5 


4 


3 


2 


1 


Bit 




Figure 9 Bit Assignment in an Adn (HD61602) 



1 bit 
(COM, 



At 



Display RAM 



64 bits 

Segment address (SEG — SEG 6 3) 



Figure 10 Display RAM (HD61603) 
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Reading Data from Display RAM: Each 
bit of the display RAM corresponds to an LCD 
segment. The data at segment address SEGn 
is output to segment output SEGn terminal. 
Figure 11 shows an example of the corre- 
spondence between the display RAM bit and 
the display pattern when a 7-segment type 
LCD is connected. 

Writing Data into Display RAM: Data is 
written into the display RAM in the following 
two methods: 
1. Bit manipulation 

Data is written into any bit of RAM on a 



bit basis. 
2. Static display mode 

8-bit data is written on a digit basis 
according to the 7-segment type LCD 
pattern of static drive. 

The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and am 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 



LCD connection 




Display RAM 



COM 


f 


e 


d 


c 


DP 


g 


b 


a 





SEG 8 SEGg SEG 10 SEGn SEG 12 SEG 13 SEG 14 SEG 15 SEG 16 



{J (J Cf> O (J (3 CD 
m uj lu UJ Ui uj uj 
to to co to to co to 



Figure 11 Example of Correspondence between Display RAM Bit and Display Pattern 
(HD61603) 
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In bit manipulation, any one bit of display red on a bit basis, 1-bit display data and a 
RAM can be written. When data is transfer- segment address (6 bits) should be specified. 




COMo 


SEGsn 


Bit 
7 




SEGsn + 1 


6 




SEGen + 2 


5 




SEG 8 n+3 


4 




SEG 8n+4 


3 




SEG 8n +5 


2 




SEG 8n +e 


1 




SEGsn+7 


Bit 










Figure 12 Allocation of Digits 
(HD61603) 



Figure 13 Bit Assignment in an Adn 
(HD61603) 
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OPERATING MODES 

HD61602 Operating Modes 

The HD61602 has the following operating 

modes: 

1. LCD drive mode 

Determines the LCD driving method. 

a. Static drive mode 
LCD is driven statically. 

b. 1/2 duty cycle drive mode 

LCD is driven at 1/2 duty cycle and 1/ 

2 bias. 

c. 1/3 duty cycle drive mode 

LCD is driven at 1/3 duty cycle and 1/ 

3 bias. 

d. 1/4 duty cycle drive mode 

LCD is driven at 1/4 duty cycle and 1/ 
3 bias. 

2. Data display mode 

Determines how to write display data 

into the data RAM. 

a. Static display mode 

8-bit data is written into the display 
RAM according to the digit in static 



drive. 

b. 1/2 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/2 
duty cycle drive. 

c. 1/3 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/3 
duty cycle drive. 

d. 1/4 duty cycle display mode 

8-bit data is written into the display 
RAM according to the digit in 1/4 
duty cycle drive. 

3. READY output mode 

Determines the READY output timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
the READY is output can be selected from 
the following two modes: 



a. READY is mode always available. 



C§ 
WE 



READY 

Data transfer 
period 



V 




- Input inhibit - 
period 



- Next data 
transfer 



b. READY is mode available by CS and 
RE. 



C5 
WE 
RE 

READY- 



Data transfer • 
period 



• Input inhibit - 
period 



■4 H*~ Next data 
transfer 



LCD OFF mode 

In this mode, the HD61602 stops driving 
LCD and turns it off. 



5. External driving voltage mode 

A mode for using external driving voltage 
(Vi, V 2 , and V 3 ). 
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The above 5 modes are specified by mode tion. Bit manipulation is independent of data 
setting data. The modes are independent of display mode and can be used regardless of it. 
each other and can be used in any combina- 



HD61603 Operating Modes 

The HD61603 has the following modes: 

1. READY output mode 

Determines the READY output timing. 
After a data set is transferred, the data is 
processed internally. The next data can- 



not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 



a. READY is always available. 



CS 



WE 



READY 



Data transfer - 
period 



-Input inhibit - 
period 




"Next data 
transfer 



b. READY is mode available by CS and 
RE. 



WE 



s 




Data transfer 
period 



- Input inhibit- 
period 



si 



i 

i I 

H I* Next data 
transfer 



2. LCD OFF mode 

In this mode, the HD61603 stops driving 
the LCD and turns it off. 



HITACHI 

796 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD61602/HD61603 



INPUT DATA FORMATS 

HD61602 Input Data Formats 
Input data is composed of 8 bits x 2. Input 
them as 2-byte data after READY output 
changes from low to high or low pulse is 
entered into RE terminal. 

1. Display data (Updates display on an 8- 
segment basis) 



1st byte 









X 


Display address 
(Digit address Adn) 


7 


6 


5 


4 3 2 1 


2nd byte 






Display data 
■ i i ■ • • i 


7 


6 


5 


4 3 2 1 



a. Display address: Digit address Adn in 

accordance with 
display mode 

b. Display data: Pattern data that is 

written into the 
display RAM 
according to display 
mode and the 
address 

2. Bit manipulation data (Updates display 
on a segment basis) 



1st byte 






1 


Display 
data 


X 


X 


X 


COM 
address 


7 


6 


5 


4 


3 


2 


1 


2nd byte 












X 


X 


SEG address 
ii iii 


7 


6 


5 


4 


3 


2 


1 



a. Display data: Data that is written 

into 1 bit of the 
specified display 
RAM 

b. COM address: Common address of 

display RAM 

c. SEG address: Segment address of 

display R AM 



3. Mode setting data 

External 
power 



1st byte sup P ly 



1 





X 





J "I 

1 READY 
f bit 


Drive node 
bits 


7 


6 


5 


4 


3 


2 


1 


2nd byte 










X 


X 


X 


X 


X 


OCT/ON 
bit 


Display 
mode bits 


7 


6 


5 


4 


3 


2 


1 



a. Display mode bits: 

00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 

b. OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered.) 
0: LCD on 

c. Drive mode bits: 

00: Static drive 
01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 

d. READY bit: 

0: READY bus mode; READY out- 
puts only while CS and RE are 
0. (reset to when SYNC is 
entered.) 

1: READY port mode; READY 
outputs regardless of CS and 
RE. 

e. External power supply bit: 

0: Driving voltage is generated 

internally. 
1: Driving voltage is supplied 

externally, (set to 1 when SYNC 

is entered.) 



4. 1-byte instruction 



1 st byte 



1 


1 


X 


X 


X 


X 


X 


X 



7 6 5 4 3 2 1 



The first data (first byte) is ignored when 
bit 6 and bit 7 in the byte are 1. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 797 



HD61602/HD61603 



HD61603 Input Data Formats 

Input data is composed of 4 bits x 4. Input 
them as four 4-bit data after READY output 
changes from low to high or low pulse is 
entered into RE terminal. 

1. Display data (Updates display on an 8- 
segment basis.) 



1st byte 2nd byte 






i 

X X 


X 


Display address 


. . 1 „, — 


i 




(Digit address Adn) 
i ...i 


3 2 


1 


3 


2 1 


3rd byte 




4th byte 


'Display data 


'Display data 


Bit!7 6 


5 4 


Bit3 

i 


2 1 


3 2 


1 


3 


2 1 



a. Display address: Digit address Adn 

shown in figure 12. 

b. Display data: Pattern data that is 

written into the 
display RAM as 
shown in figure 13. 

2. Bit manipulation data (Updates display 
on a segment basis.) 



1st byte 






2nd byte 




""' i " 

1 


Display 
data 


X 


— . — , * 

X X 

— i 


— . — , 




3 2 


1 





3 Z 


1 


3rd byte 






4th byte 




T ' — ' 

X X 


SEG address 
BitS, 4 


SEG address 
Bit 3 . 2 , 1,0 


3 2 


1 





3 2 


1 



a. Display data: Data that is written 

into 1 bit of the 
specified display 
RAM. 

b. SEG address: Segment address of 

display RAM (seg- 
ment output). 



3. Mode setting data 



1st byte 2nd byte 



1 


X 





X 


READY 
bit 


, 

X X 


3 2 


1 





3 


2 


1 


3rd byte 






4th byte 




i i 
X X 

j i 


i i 

X 


r .,. 

X 




OFF/ON 
bit 





3 2 


1 





3 


2 


1 



a. OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered.) 
0: LCD on 

b. READY bits: 

0: READY bus mode; READY out- 
puts only while CS and RE are 
0. (reset to when SYNC is 
entered.) 

1: READY port mode; READY 
outputs regardless of CS and 
RE. 

4. 1-byte instruction 
1 st byte 



1 1 x x 

3 2 1 

The first data (4 bits) is ignored when bit 
3 and 2 in the data are 1. 
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How To Input Data 

How to Input HD61602 Data 
Input data is composed of 8 bits x 2. Take 
care that the data transfer is not interrupted, 
because the first 8-bit data is distinguished 
from the second one by the sequence only. 

If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of bytes (count 
of the f irst and second bytes): 
1. Set CS and RE inputs low (no display data 



changes). 

2. Input 2 or more "1-byte instruction" data 
in which bit 7 and 6 are 1 (display data 
may change). 
The data inpu t method via data input termi- 
nals (CS, WE, Do to D 7 ) is similar to that of 
static RAM such as HM6116. An access of the 
LSI can be made through the same bus line as 
ROM and RAM. When output ports of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 14. 



Power on 
CS/ — 




SB- 



D -D 7 



-CD— »*- 



Mode setting data 



Mode setting data 



Display data 



* 1 : READY output is indefinite during 12 clocks after the oscillation start 

at power on (clock: OSC2 clock). 
*2: High pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 

* 3: In the mode in which READY is always available, READY output is 

in definite while SYNC is high. 
*4: Reset the byte counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation 

and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

* 6: Connect a pull-up resister if WE or RE may be floating. 

* 7: It is not always necessary to follow this example. 



Figure 14 Example of Data Transfer Sequence 
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How to Input HD61603 Data 
Input data is composed of 4 bits x 4. Take 
care that data transfer is not interrupted, 
because the first 4-bit data to the fourth 4-bit 
data are distinguished from each other by the 
sequence only. 

If data transfer is interrupted, or at power on, 
the following two methods can be used to 
reset the count of the number of data (count 
of the first 4-bit data to the fourth 4-bit data): 



1. Set CS and RE low. 

2. Input 4 or more "l-byte instruction" data 
(4-bit data) in which bit 3 and 2 are 1 
(display data may change). 

The data inpu t method via data input termi- 
nals (CS, WE, DO to D3) is similar to that of 
static RAM such as HM6116. An access of the 
LSI can be made through the same bus line as 
ROM and RAM. When output ports of a 
microprocessor are used for an access, refer to 
the timing specifications and figure 15. 




READY Z. / 

*1 

SYNC 



SB- 



3EXEXEXEE 



Mode setting data 



Mode setting data 



Display data 



* 1 : READY output is indefinite during 12 clocks after the oscillation start 

at power on (clock: OSC2 clock). 

*2: High pulse should be applied to SYNC terminal when using two or more 
chips synchronously. 

*3: In the mode in which READY is always available, READY output is in- 
definite while SYNC is high. 

* 4: Reset the 4-bit data counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation 

and bit manipulation or within 10.5 clocks when the display data (8 
bits) is updated. 

* 6: Connect a pull-up resister if WE or RE may be floating. 

* 7: It is not always necessary to follow this example. 



Figure 15 Example of Data Transfer Sequence 



800 
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Notes on READY Output 

Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2-byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled until the completion 
of mode setting. 

There are two kinds of the READY output 
waveforms depending of the modes: 



1. READY bus mode (READY bit = 0) 

2. READY port mode (READY bit = 1) 



However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
16 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61602 and 
HD61603. 



Power on 

CS /~ 
WE / 

D -D 7 



Power on 



WE 
RE 

READY 



Power on 

WE 

READY 



< 1st X 2nd >777T 



IF 



* READY output is unsettled. 

Mode setting data j/yyi 

(2-byte data) M .5 clocks (max) 



Mode setting latch is unsettled. 



\ 



Mode setting data are 
latched. 



A / V 



Note : CS = low 

(1) READY Bus Mode 



1.5 clocks (max) 



■\ r 



Note : CS == low, RE = high 

(2) READY Port Mode 



1 . 5 clocks (max) 



3.5 clocks (max) 



Figure 16 READY Output According to Modes 
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Standby Operation 

Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 

1. LCD driver is stopped (LCD is off). 

2. Display data and operating mode are 
held. 



3. The operation is suspended while display 
changes (while READY is out putting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 

When this mode is not used, connect pin SB to 
V ss . 



Multichip Operation 

When an LCD is driven with two or more 
chips, the driving timing of the LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See 3. Mode 
Setting Data in "Input Data Formats".) Trans- 
fer the mode setting data into the LSI after 



every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off-state when the 
power is turned on. 

When SYNC input is not used, connect pin 
SYNC to V ss . 

When SB input is used, after standby mode is 
released, a high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 



Restriction on Usage 

Minimize the noise by inserting a noise by- 
pass capacitor (^ 1 /*F) between Vdd and 
Vss pins. (Insert one as near chip as possible.) 



Liquid Crystal Display Drive Volt- 
age Circuit (HD61602) 

What is LCD Voltage? 

HD61602 drives liquid crystal display using 
four levels of voltages (figure 17); Vdd, Vi, V 2 , 
and V3 (Vdd is the highest and V3 is the 
lowest). The voltage between Vdd and V3 is 
called Vlcd and it is necessary to apply the 
appropriate Vlcd according to the liquid 
crystal display. V 3 always needs to be sup- 
plied regardless of the display duty ratio sin- 
ce it supplies the voltage to the LCD drive 
circuit of HD61602. 




Figure 17 LCD Output Waveform and 
Output Levels 
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When Internal Drive Power Supply 
is Used 

When the internal drive power supply is 
used, attach C1-C4 for charge pump circuits 
and variable resistance Ri for deciding dis- 
play drive voltage to HD61602 as shown in 
figure 18. 

Internal voltage is available by setting 
external voltage switching bits of mode set- 
ting data 0. 

Figure 19 shows voltage characteristics 
between Vdd and Vrefi. Voltage is divided at 
Ri, and then input into Vref2. Voltage 
between Vdd and Vref2 is equivalent to AV in 



figure 19, and so Vlcd can be changed by 
regulating the voltage. 

Vref2 is usually regulated by variable resis- 
tance, but when replacing Ri with two 
nonvariable resistances take Vrefi between 
max and.min into consideration as shown in 
figure 19. 

Internal drive power supply is generated by 
using capacitance, and so large current can- 
not flow. When large liquid crystal display 
panel is used, examine the external drive 
power supply. 
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V1 
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R 1 = 1 MQ Variable 
d = 0.3/<F 
C 2 -C 4 =0.3//F 
C 5 =0.1 to 0.3^F 
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pump 

circuit 



HD61602 



Figure 18 Example 
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When External Drive Power Sup- 
ply is Used 

An external power supply can be used by 
setting external voltage switching bits of 
mode setting data to 1. When a large liquid 
crystal display panel is used, in multichip 
designs, which heed accurate liquid crystal 
drive voltage, use the external power supply. 
See figure 20. 

R2-R5 is connected in series between Vdd 



and Vss, and by these resistance ratio each 
voltage of AV and Vlcd is generated and then 
supplied to Vi, V2, and V3. C2— C4 are smooth- 
ing capacitors. 

When regulating brightness, change the 
resistance value by setting R5 variable resis- 
tance. 



V DD " V ss (V) 
2 3 4 5 6 




Figure 19 Voltage Characteristics 
between Vdd and V rG fi 



Positive ■ 

power 

supply 



3 



NC — 
NC-— 



4r 5 



V DD 
Vss 

V„ EF , 

V REF2 

Vci 

V C2 

V1 

V 2 

V 3 



Positive- 
power 
supply 



SB- 




CD Static Drive 



(2) 1/2 Duty Cycle Drive 



Positive- 
power 
supply 



SB- 




C 6 ^ 1 M F 



(3) 1/3 and 1/4 Duty Cycle Drive 



Note: 1 . When standby mode is used, a transistor is required. 

2. R2-R5 should be some kQ-some tens of kQ, and C2-C4 should be 0.1 /iF- 0.3 mF. 



Figure 20 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD61603) 

As shown in figure 21, apply LCD drive volt- 
age from the external power supply. 



Oscillation Circuit 

When Internal Oscillation Circuit is Used 

When the internal oscillation circuit is used, 
attach an external resister Rose as shown in 
figure 22. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 



When External Clock is Used 

When an external clock of 100 kHz with 
CMOS level is provided, pin OSCi can be used 
for the input pin. In this case, open pin OSC2. 




C 6 £ 1 11F 



Note: When standby mode is used, a transistor is required. 



Figure 21 Example of Drive Voltage Generator 
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Multichip operation 
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Figure 22 Example of Oscillation Circuit 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 805 



HD61602/HD61603 



Applications 
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HD14049UB j 
+5V 
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Figure 23 Example (1) 
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Figure 24 Example (2) 
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(Segment Type LCD Driver) 



Description 

The HD61604 and the HD61605 are liquid 
crystal display driver LSIs with TTL and 
CMOS compatible interface. Each of the LSIs 
can be connected to various microprocessors 
such as the HMCS6800 series. 

Several types of liquid crystal displays can be 
connected to the HD61604 according to the 
applications because of the software- 
controlled liquid crystal dispay drive method. 

The HD61605 is a liquid crystal display driver 
LSI only for static drive and has 64 segment 
outputs that can display 8 digits per chip. 



Features 

• Low current consumption 

— Can drive from a battery power supply 
(100 //A max on 5 V). 

—Standby input enables a standby oper- 
ation at lower current consumption (5 
piA max on 5 V). 

• Versatile segment drive capacity 



Type No. Drive Method 



Display 
Segments 



Example of Use 



Frame Freq (Hi) 
atfo*c=100kHz 



HD61604 Static 



51 



8 segments x 6 digits + 3 marks 98 



1 12 bias 1 1I duty cycle 1 02 



8 segments x 1 2 digits + 6 marks 1 95 



1 /3 bias 1 /3 duty cycle 1 53 



9 segments x 1 7 digits 



521 



1 /4 duty cycle 204 



8 segments x 25 digits + 4 marks 781 



HD61605 Static 



64 



8 segments x 8 digits 



98 



Pin Arrangement 
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Block Diagram 



HD61604 



SYNC 



READY- 



a — 1£ 



osc 



Data 

controller 



Do-D 7 ZT> 



SB- 



LCD drive 

timing 

generator 



RAM write 
timing generator 



Data latch 
8 bits x 2 



2E 



^) Parallel/serial 
' converter 



Mode 

setting Operation 
lach ^ mode 



Address — N 
decoder | — v 



Common 
driver 



— LK Common output 
V(4 I 



Display 
data RAM 



LCD drive 
voltage 



v 2 



V 3 



Drive 

voltage 

selection 



Segment 
driver 



\ lines) 



— L\ Segment output 



(51 lines) 



Figure 1 HD61604 Block Diagram 



HD61605 



READY 



SYNC 



OSC 



D0-D3 



Data 

controller 



SB- 



LCD drive 

timing 

generator 



RAM write 
timing generator 



Data latch 
4 bits x 4 



2E 



Parallel/serial 
converter 



Mode 
setting 
latch 



Address 
decoder 



Common 
driver 



Display 
data RAM 



Segment 



m Common 
" output 



Segment 



— ") driver __> output 

M^l rrv (64 , jnes) 



Figure 2 HD61605 Block Diagram 
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Pin Functions 

Table 1 shows the HD61604 pin description. 
Table 2 shows the HD61605 pin description. 

HD61604 Pin Function 

READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input d ata o f Db to D7 is latched at the positive 
edge of WE. 

RE (Reset): Resets jthe input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the 1st byte data. 

SB (Standby): High level input stops the LSI 
operations. 

1. Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 

Do— D7 (Data Bus): Data input pin from 
which 8-bit x 2-byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chip applications. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COM — COM 3 (Common): LCD common 
(backplate) drive output. 

SEG0-SEG50 (Segment): LCD segment 
drive output. 

Vi, V2, V3 (LCD Voltage): Power supply for 
LCD drive. 

OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. 

Vci, Vc2: Do not connect any wire. 

Vrefi: Connect this pin to VI pin. 

Vref2: Hold at Vdd level. 



Vdd: Positive power supply. 

Vss: Negative power supply. 

HD61605 Pin Function 

READY (Ready): During data setting in the 
display data RAM and mode setting latch in 
the LSI after data transfer, low is output to 
the READY pin to inhibit the next data input. 

There are two modes: one in which low is 
output only when both of CS and RE are low, 
and the other in which low is output regard- 
less of CS and RE. 

CS (Chip Select): Chip select input. Data can 
be written only when this pin is low. 

WE (Write Enable): Write enable input. 
Input data o f Dp to D3 is latched at the posi- 
tive edge of WE. 

RE (Reset): Resets the input data byte 
counter. After both of CS and RE are low, the 
first data is recognized as the first byte data. 

SB (Standby): High level input stops the LSI 
operations. 

1. Stops oscillation and clock input. 

2. Stops LCD driver. 

3. Stops writing data into display RAM. 

Do— D3: Data input pin from which 4-bit x 4- 
byte data is input. 

SYNC (Synchronous): Synchronous input 
for 2 or more chips application. LCD drive 
timing generator is reset by high input. LCD 
is off. 

COMo (Common): LCD common (backplate) 
drive output. 

SEGo— SEGe3 (Segment): LCD segment 
drive output. 

OSC1, OSC2 (Oscillator): Attach external R 
to these pins for oscillation. An external clock 
(100 kHz) can be input from OSC1. 

V3 (LCD Voltage): Power supply input for 
LCD drive. 

Voltage between Vdd and V3 is used as drive 
voltage. 

Vss: Negative power supply. 
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Vdd: Positive power supply. 



Table 1 HD61604 Pin Description 



Pin 
Name 


No.of 
Lines 


Input/Output 


Connected 
to 


DCArjY 
nCMU T 


1 


iMivivjo open 
drain output 




cs 


1 


Input 


MCU 


WE 


1 


Input 


MCU 


RE 


1 


Input 


MCU 


SB 


1 


Input 


MCU 


D0-D7 


8 


Input 


MCU 


SYNC 


1 


Input 


MCU 


COMo- 
COM3 


4 


Output 


LCD 


SEGo- 
SEG50 


51 


Output 


LCD 


V1, V 2 , V 3 


3 


Power supply 


External R 


OSC1, 
OSC2 


2 


Input, output 


External R 


Vci, Vc2 


2 


Output 




Vrefi 


1 


Input 


V1 


VreF2 


1 


Input 


Vdd 


Vdd 


1 


Power supply 





Vss 1 Power supply 



Table 2 HD61605 Pin Description 



Pin 
Name 


No.of 
Lines 


Input/Output 


Connected 

to 


READY 


1 


NMOS open 
drain output 


MCU 


CS 


1 


Input 


MCU 


WE 


1 


Input 


MCU 


RE 


1 


Input 


MCU 


SB 


1 


Input 


MCU 


D0-D3 


4 


Input 


MCU 


SYNC 


1 


Input 


MCU 


COMo 


1 


Output 


LCD 


SEG -SEG 6 3 


64 


Output 


LCD 


OSC1, 
OSC2 


2 


Input, output 


External R 


v 3 


1 


Input 


Power 
supply 


Vss 


1 


Power supply 




Vdd 


1 


Power supply 





Note: Logic polarity is positive. 
1 = high = active. 



Note: Logic polarity is positive. 
1 = high = active. 
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Display RAM 

HD61604 Display RAM 

The HD61604 has an internal display RAM 
shown in figure 3. Display data is stored in 
the RAM, or is read according to the LCD 
drive timing to display on the LCD. One bit of 
the RAM corresponds to 1 segment of LCD. 
Note that some bits of the RAM cannot be 
displayed depending on LCD drive modes. 

Reading Data from HD61604 Display 
RAM 

A display RAM segment address corresponds 
to a segment output. The data at segment 
address SEGn is output to segment output 
SEGn pin. 

A common address corresponds to the output 



timings of a common output and a segment 
output. The same common address data is 
simultaneously read. The data of display RAM 
is reproduced on the LCD panel. 

The following shows the correspondence 
between the 7-segment type LCD connec- 
tion and the display RAM in each mode. 

1. Static Drive: In static drive, only the 
column of COMo of display RAM is output. 
COMi to COM3 are not displayed (figure 
4). 

2. 1/2 Duty Cycle Drive: In the 1/2 duty 
cycle drive, the columns of COMo and 
COM 1 of display RAM are output in time 
sharing. The columns of COM2 and 
COM3 are not displayed (figure 5). 



Common address 
(COM0-COM3) 
r 



Display RAM 



, , y 

51 bits 

Segment address (SEG — SEG 50 ) 



Figure 3 Display RAM (HD61604) 



LCD connection 

a r — 




Disp lay RAM 



COM3 


















COM2 


















COM1 


















COMo 


f 


e 


d 


c 


DP 


g 


b 


a 



LU LU 

to </) 



n * id 

(5 6 (5666 

m Ui HI LU UJ LU 
5) CO CO CO CO CO 



SEG 8 SEGg SEG10SEG11SEG12SEG13SEG14SEG15 



Figure 4 Example of Correspondence between LCD Connection and Display RAM 
(Static Drive, HD61604) 
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3. 1/3 Duty Cycle Drive: In the 1/3 duty 
cycle drive, the columns of COMo to COM 
2 are output in time sharing. No column of 
COM3 is displayed, "y" cannot be rewrit- 
ten by display data (input on an 8-seg- 
ment basis). Please use bit manipulation 



in turning on/off the display of "y" cycle 
(figure 6). 

4. 1/4 Duty Cycle Drive: In the 1/4 duty 
cycle drive, all the columns of COMo to 
COM3 are displayed (figure 7). 



LCD connection 
a 




Display RAM 



COM3 



COM 2 



COM, 



COMq f e 




9 



DP 



SEG 4 SEG 5 SEG 6 SEG 7 



00 <3 S 

m UJ LU HI 



Figure 5 Example of Correspondence between LCD Connection and Display RAM 
(1/2 Duty Cycle, HD61604) 



LCD connection 
-n a 




Display RAM 



COM3 


s 


/ 


/ 


COM2 


y 


a 


b 


COM, 


f 


9 


c 


COMq 


e 


d 


DP 



SEG 3 SEG 4 SEG 5 



Figure 6 Example of Correspondence between LCD Connection and Display RAM 
(1/3 Duty Cycle, HD61604) 



LCD connection 
a 




Display RAM 



COM3 


f 


a 


COM2 


9 


b 


COM! 


e 


c 


COMq 


d 


DP 


SEG 2 SEG 3 



Figure 7 Example of Correspondence between LCD Connection and Display RAM 
(1/4 Duty Cycle, HD61604) 
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Writing Data into HD61604 Display RAM 

Data is written into the display RAM in the 
following five methods: 

1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 

2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 

3. 1/2 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/2 
duty cycle drive. 



4. 1/3 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/3 
duty cycle drive. 

5. 1/4 Duty Cycle Display Mode: 8-bit 
data is written on a digit basis according 
to the 7-segment type LCD pattern of 1/4 
duty cycle drive. 

The RAM area and the allocation of the seg- 
ment data for 1-digit display depend on the 
drive methods as described in the section of 
"Reading Data from Display RAM". 

8-bit data is written on a digit basis corre- 
sponding to the above duty drive methods. 
The digits are allocated as shown in figure 8. 



(1) Static (2) 
COMqCOM 1 COM 2 COMoCOM 1COM2 



1 /2 Duty Cycle 
Display 



(3) 



AdO 



SEGo 
SEG1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 

SEG 7 
SEG 8 
SEG 9 
SEG10 
SEGn|Ad1 
SEG12 
SEG13 
SEGu 
SEG 15 
SEGie 

SEGi 7 |acI2 
SEG 

SEG 50 |Ad 



p 7 " 



SEGo 

SEG1 

SEG 2 

SEG 3 

SEG 4 

SEG 5 

SEG 6 

SEG 7 

SEG 8 

SEG 9 

SEG10 

SEGn 

SEG12 

SEG13 

SEG 14 

SEG 15 

SEG 16 

SEG 17 
SEG 18 

SEG 50 



- AdO 



- Ad1 



Ad2 



Ad3 



Ad4 



Ad12 



1 /3 Duty Cycle 
Display 



COMoCOIVhCOMzCOMs 
SEGo 



SEG1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 

SEGg 

SEG10 

SEG11 
SEG 12 
SEG13 
SEG 14 
SEG 15 
SEGie 
SEG17 
SEGis 

SEG50 



AdO 
A »- 



Ad1 



Ad2 



H h- 



Ad3 



Ad4 



Ad5 



H h- 

Ad6 

Ad16 



(4) 1/4 Duty Cycle 
Display 

COM0COM1COM2COM3 
SEGo 



SEG1 
SEG 2 
SEG 3 
SEG 4 
SEG 5 
SEG 6 
SEG 7 
SEG 8 

SEGg 

SEG10 

SEGn 
SEG12 
SEG 13 
SEG14 
SEG 15 
SEGie 
SEG 17 
SEG 18 

SEG 50 



AdO 



Ad1 
— I — 

Ad2 
— I — 



Ad3 



Ad4 
— I — 



Ad5 



Ad6 
1 — 



Ad7 



Ad8 
_l — 



Ad24 



Ad25 



Figure 8 Allocation of Digits (HD61604) 
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As the data can be transferred on a digit basis 
from a microprocessor, transfer efficiency is 
improved by allocating the LCD pattern 
according to the allocation of each bit data of 
the digit in the data RAM. 

Figure 8 shows the digit address (displayed 
as Adn) to specify the store address of the 
transferred 8-bit data on a digit basis. 

Figure 9 shows the correspondence between 
each segment in an Adn and the 8-bit input 
data. 

When data is transferred on a digit basis, 8- 
bit display data and digit address should be 
specified as described above. 



However, when the digit address is Ad6 of 
static, Adl2 of 1/2 duty cycle, or Ad25 of 1/4 
duty cycle, display RAM does not have 
enough bits for the data. Thus the extra bits 
of the input 8-bit data are ignored. 

In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data, a seg- 
ment address (6 bits)s and a common address 
(2 bits) should be specified. 

HD61605 Display RAM 

The HD61605 has an internal display RAM as 
shown in figure 10. Display data is stored in 
the RAM and output to the segment output 
pin. 



(1) Static Display 
COM 



SEGsn+4 
SEGsn+5 
SEGsn+6 
SEGen+7 



Bit 




(2) 1/2 Duty Display 
COMoCOM, 



(3) 1/3 Duty Display 

COMo COM, COM 2 



SEG 8 


Bit 
7 


SEG 4n 


Bit 
7 


6 


SEG 3 n 


Bit 
7 


6 




SEGsn+1 


6 


SEG 4n +i 


5 


4 


SEG311+1 


5 


4 


3 


SEGsn+2 


5 


SEG 4n +2 


3 


2 


SEG3n+2 


2 


1 


Bit 



SEGsn+3 


4 


SEG 4n +3 


1 


Bit 












(4) 1/4 Duty Display 

COMo COM, COM 2 COM3 



SEG 2n 

SEG2n+1 



Bit 
7 


6 


5 


4 


3 


2 


1 


Bit 




Figure 9 Bit Assignment in an Adn (HD61604) 



1 bit 
(COMo) 



Display RAM 



64 bits 

Segment address (SEG — SEG 6 3) 



Figure 10 Display RAM (HD61605) 
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Reading Data from HD61605 Display 
RAM 

Each bit of the display RAM corresponds to 
an LCD segment. The data at segment 
address SEGn is output to segment output 
SEGn pin. Figure 11 shows the correspon- 
dence between the 7-segment type LCD 
connection and the display RAM . 

Writing Data into HD61605 Display RAM 

Data is written into the display RAM in the 
following two methods: 

1. Bit Manipulation: Data is written into 
any bit of RAM on a bit basis. 



2. Static Display Mode: 8-bit data is writ- 
ten on a digit basis according to the 7- 
segment type LCD pattern of static drive. 

The 8-bit data is written on a digit basis into 
the digit address (displayed as Adn) shown in 
figure 12. When data is transferred from a 
microprocessor, four 4-bit data are needed to 
specify the digit address and an 8-bit display 
data. Figure 13 shows the correspondence 
between each segment in an Adn and the 
transferred 8-bit data. 

In bit manipulation, any one bit of display 
RAM can be written. When data is transfer- 
red on a bit basis, 1-bit display data and a 
segment address (6 bits) should be specified. 



LCD connection 




Figure 11 Example of Correspondence between LCD Connection and Display RAM 
(HD61605) 
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COM 



SEGo 






SEGi 






SEG 2 






SEG 3 


AdO 




SEG 4 






SEG 5 




SEG45 " 


SEG 6 


■ 


SEG 46 


SEG 7 




SEG47 


SEG 8 




SEG 48 


SEGg 


* 


SEG49 


SEG10 


• 


SEG50 


SEG11 


Ad1 


SEG51 


SEG12 


■ 


SEG52 


OCV313 




SEG53 


SEG 14 




SEG54 


SEG15 




SEG 55 ' 


SEGie 




SEG 56 


SEG, 7 




SEG57 * 


SEG is 




SEG 5 8 ' 


SEG19 


Ad2 


SEG59 j 


SEG20 




SEG 60 " 


SEG21 




SEG 6 i " 


SEG22 




SEG 62 " 


SEG23 




SEG 63 " 


SEG24 







Ad6 



Ad7 



COMo 


SEG 8n 


Oil 

7 




SEGsn+1 


6 




SEGan+2 


5 




SEGsn+3 


4 




SEGen+4 


3 




SEGsn + 5 


2 




SEGsn+6 


1 




SEGsn+7 


Bit 










Figure 12 Allocation of Digits 
(HD61605) 



Figure 13 Bit Assignment in an Adn 
(HD 61605) 
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Operating Modes 

HD61604 Operating Modes 

The HD61604 has the following operating 
modes: 

1. LCD Drive Mode: Determines the LCD 
drive method. 

• Static drive mode: LCD is driven 
statically. 

• 1/2 duty cycle drive mode: LCD is driven 
with 1/2 duty cycle and 1/2 bias. 

• 1/3 duty cycle drive mode: LCD is driven 
with 1/3 duty cycle and 1/3 bias. 

• 1/4 duty cycle drive mode: LCD is driven 
with 1/4 duty cycle and 1/3 bias. 

2. Data Display Mode: Determines how to 
write display data into the data RAM. 

• Static display mode: 8-bit data is writ- 
ten into the display RAM according to 
the digit in static drive. 



• 1/2 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/2 duty cycle drive. 

• 1/3 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/3 duty cycle drive. 

• 1/4 duty cycle display mode: 8-bit data 
is written into the display RAM accord- 
ing to the digit in 1/4 duty cycle display 
drive. 

3. READY Output Mode: Determines the 
READY output timing. 

After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

• READY is always available (figure 14). 

• READY is made available by CS and RE 
(figure 15). 



CS 
WE 



READY 

Data transfer 
period 




- Input inhibit - 
period 



- Next data 
transfer 



Figure 14 READY Output Timing (When It is Always Available) 



C3 
WE 
RE 



READY 



V 



s 




Data transfer 
period 



- Input inhibit - 
period 



- Next data 
transfer 



Figure 15 READY Output Timing (When It is Made Available by CS and RE) 
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4. LCD Off Mode: In this mode, the 
HD61604 stops driving the LCD and turns 
it off. 

The above 4 modes are specified by mode 
setting data. The modes are independent of 
each other and can be used in any combina- 
tion. The bit manipulation is independent of 
data display mode and can be used regard- 
less of it. 

HD61605 Operating Modes 

The HD61605 has the following operating 
modes: 

1. READY Output Mode: Determines the 
READY output timing. 



After a data set is transferred, the data is 
processed internally. The next data can- 
not be acknowledged during the proces- 
sing period. The READY output reports 
the period to the MPU. The timing when 
READY is output can be selected from the 
following two modes: 

• READY is always available (figure 16). 

• READY is made available by CS and RE 
(figure 17). 

2. LCD Off Mode: In this mode, the 
HD61605 stops driving the LCD and turns 
it off. 



CS 
WE 

READY 



Data transfer - 
period 



y 



X 



y 



-Input inhibit - 
period 




-Next data 
transfer 



Figure 16 READY Output Timing (When It is Always Available) 
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Data transfer 
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\-y 



h*-Next data 
transfer 



Figure 17 READY Output Timing (When It is Made Available by CS and RE.) 
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Input Data Formats 

HD61604 Input Data Formats 

Input data is composed of 8 bits x 2 bytes. 
Input them as 2-byte data after READY out- 
put changes from low to high or low pulse 
enters into RE pin. 

1. Display Data: Updates display on an 8- 
segment basis. 



1st byte 









X 


Display address 
(Digit address Adn) 


7 


6 


5 


4 3 2 1 


2nd byte 






Display data 
i i i i i i i 


7 


6 


5 


4 3 2 1 



• Display address: Digit address Adn in 
accordance with display mode 

• Display data: Pattern data written into 
the display RAM according to display 
mode and the address 

2. Bit Manipulation Data: Updates display 
on a segment basis. 



1 st byte 






1 


Display 
data 


X 


X 


X 


COM 
address 


7 


6 


5 


4 


3 


2 


1 


2nd byte 












X 


X 


SEG address 
• i i i i 


7 


6 


5 


4 


3 


2 


1 



Display data: Data written into 1 bit of 
the specified display RAM 
COM address: Common address of dis- 
play RAM 

SEG address: Segment address of dis- 
play RAM 



3. Mode Setting Data: 



1 st byte 



1 





X 





1 


READY 
bit 


Drive mode 
bits 


7 6 
2nd byte 


5 


4 


3 


2 1 


X 


X 


X 


X 


X 


OFF/ON 
bit 


Display 
mode bits 



7 6 5 4 3 2 1 



• Display mode bits: 

00: Static display mode 
01: 1/2 duty cycle display mode 
10: 1/3 duty cycle display mode 
11: 1/4 duty cycle display mode 

• OFF/ON bit: 

1: LCD off (set to 1 when SYNC is 

entered) 
0: LCD on 

• Drive mode bits: 
00: Static drive 

01: 1/2 duty cycle drive 
10: 1/3 duty cycle drive 
11: 1/4 duty cycle drive 

• READY bit: 

0: READY bus mode: READY outputs 
only while CS and RE are (reset to 
when SYNC is entered) 

1: READY port mode: READY outputs 
regardless of CS and RE 

Note: Input the same data to display mode bits 
and drive mode bits. 



4. 1-Byte Instruction: The first data (first 
byte) is ignored when the bit 6 and bit 7 
in the data are 1. 



1 st byte 



1 


1 


X 


X 


X 


X 


X 


X 



7 6 5 4 3 2 1 
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HD61605 Input Data Formats 

Input data is composed of 4 bits x 4 bytes. 
Input them as four 4-bit data after READY 
output changes from low to high or low pulse 
enters into RE pin. 

1. Display Data: Updates display on an 8- 
segment basis. 



1st byte 2nd byte 






i 

X 

-X- 


X 


X 


1 1 

Display address 
(Digit address Adn) 


3 2 


1 





3 


2 1 


3rd byte 






4th byte 


Display data 
Bit 17 6 5 

„ _„l u 


4 


Bit3 


Display data 
2 1 



3 2 1 3 2 1 



• Display address: Digit address Adn 
shown in figure 12. 

• Display data: Pattern data written into 
the display RAM as shown in figure 13. 

2. Bit Manipulation Data: Updates display 
on a segment basis. 



1st byte 2nd byte 



1 

1 


Display 
data 


X 


1 

X X 





3 2 


1 





3 2 


1 o 


3rd byte 






4th byte 




i 

X X 


SEG address 
Bit 5. 4 


SEG address 
Bit 3, 2,1,0 



3 2 1 3 2 1 



3. Mode Setting Data: 



1st byte 2nd byte 



1 


X 





X 


READY 
bit 


X x 
i 


3 2 


1 





3 


2 


1 


3rd byte 






4th byte 




1 1 

X x 


X 


X 

i 


* 


OFF/ON 
bit 


o 

1 


i 

3 2 


1 





3 


2 


1 



• OFF/ON bit: 

1: LCD off (It is set to 1 when SYNC is 

entered) 
0: LCD on 

• READY bit: 

0: READY bus mode: _READY outputs 
only while CS and RE are (reset to 
when SYNC is entered) 

1: READY port mode: READY outputs 
regardless of CS and RE 

4. 1-Byte Instruction: The first data (4 
bits) is ignored when the bit 3 and bit 2 in 
the data are 1. 

1st byte 



1 1 x x 

... i I 1 — 

3 2 10 



Display data: Data written into the 1 bit 
of the specified display RAM. 
SEG address: Segment address of dis- 
play RAM (segment output). 
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How to Input Data 

How to Input Data into HD61604 

Input data is composed of 8 bits x 2 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 8-bit data is distin- 
guished from the second one by the sequence 
only. 

When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of 
bytes (count of the first and second bytes): 



1. Set CS and RE to low (no display data 
changes). 

2. Input 2 or more 1-byte instruction data 
whose bit 7 and 6 are high (display data 
may change). 

The data input method via data input pins 
(CS, WE, Do to D?) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 18. 



WE 
RE 



Power on 
I 

/ 



*6 
/ *6 



READY /L" "JTT 
SYNC 



SB 

D -D 7 



*5 



-S* 3 



*5 



*2 



,*5 



1st 2nd 

X X 



1st 2nd 
X X X 1 



Mode setting data 



Mode setting data 



1st 2nd 

x i. X x i 



Display data 



* 1 : READY output is indefinite during 1 2 clocks after the oscillation starts at power on (clock: 

0SC2 clock). 

*2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
*3: In the mode in which READY is always available, READY output is indefinite while high 

is being applied to SYNC. 
* 4: Reset the byte counter after power on. 

* 5: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 

lation or within 10.5 clocks when the display data (8 bits) is updated. 
*6: Connect a pull-up resistor if WE or RE is floating. 
* 7: It is not always necessary to follow this example. 



Figure 18 Example of Data Transfer Sequence 
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How to Input Data into HD61605 

Input data is composed of 4 bits x 4 bytes. 
Take care that the data transfer is not inter- 
rupted because the first 4-bit data to the 
fourth 4-bit data are distinguished from each 
other by the sequence only. 

When data transfer is interrupted, or at 
power on, the following two methods can be 
used to reset the count of the number of data 
(count of the first 4-bit data to the fourth 4- 
bit data): 



1. Set CS and RE to low (no display data 
changes.) 

2. Input 4 or more 1-byte instruction data 
(4-bit data) whose bit 3 and 2 are high 
(display data may change). 

The data input method via data input pins 
(CS, WE Do to D3) is similar to that of static 
RAM such as HM6116. Access to the LSI can 
be made through the same bus line as ROM 
and RAM. When output ports of a micro- 
processor are used for access, refer to the 
timing specifications and figure 19. 



Power on 

cs \ *~"\ r ~\ / \ / ~ 

we HTe * \Pd\PJ VAA/V - \J\J\f\T~ 

ready aa~ 8 " A rr~? v / \_ 

*1 *5 *3 *5 *5 
SYNC -W ■ > ^ — , 

SB — ; 

1 st 2nd 3rd 4th 1 st 2nd 3rd 4th 1 st 2nd 3rd 4th 

D„-D 3 - — <-^i— < yyyy y- y y x. y x y y y y 

Mode setting data Mode setting data Display data 



* 1 : READY output is indefinite during 1 2 clocks after the oscillation starts at power on (clock: 

0SC2 clock). 

♦ 2: High pulse should be applied to SYNC pin when using two or more chips simultaneously. 
*3: In the mode in which READY is always available, READY output is indefinite while high 

is being applied to SYNC. 
*4: Reset the 4-bit data counter after power on. 

*5: READY output period is within 3.5 clocks in the mode setting operation and bit manipu- 
lation or within 10.5 clocks when the display data (8 bits) is updated. 
*6: Connect a pull-up resistor if WE or RE is floating. 
*7: It is not always necessary to follow this example. 



Figure 19 Example of Data Transfer Sequence 
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Notes on READY Output 

Note that the READY output will be unset- 
tled during 1.5 clocks (max) after inputting 
the first 2 -byte data for setting the mode 
after turning the power on. This is because 
the READY bit data of mode setting latches 
and the mode of READY pin (READY bus or 
port mode) are unsettled untill the comple- 
tion of mode setting. 

There are two kinds of the READY output 
waveforms depending on the modes. 



1. READY bus mode (READY bit = 0) 

2. READY port mode (READY bit = 1) 



However, if you input SYNC before mode 
setting, waveform will be determined; when 
you choose READY bus mode, (1) a in figure 
20 will be output, and when you choose 
READY port mode, (2) a will be output. The 
figures can be applied both to HD61604 and 
HD61605. 



Power on 



CS 
WE 

D -D 7 



Power on 



WE 
RE- 
READY 



Power on 

WE 

READY 



- < 1st X 2"d >777T 



Mode setting data y/A 

(2-byte data) M . 5 clocks (max) 



READY output is unsettled. 



Mode setting latch is unsettled. 



t 



Mode setting data 
are latched. 



A / V 



Note; CS = low 



f 



(1) READY Bus Mode 



1 . 5 clocks (max) 



A / V 



Note; CS = low, RE = high 

(2) READY Port Mode 



a 

b \ 



1 . 5 clocks (max) 



3.5 clocks (max) 



Figure 20 READY Output According to Modes 
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Standby Operation 

Standby operation with low power con- 
sumption can be activated when pin SB is 
used. Normal operation of the LSI is activated 
when pin SB is low level, and the LSI goes 
into the standby state when pin SB is high 
level. The standby state of the LSI is as fol- 
lows: 

1. LCD driver is stopped (LCD is off). 

2. Display data and operating mode are 



held. 

3. The operation is suspended while display 
changes (while READY is outputting 
low.) In this case, READY outputs high 
within 10.5 clocks or 3.5 clocks after 
release from the standby mode. 

4. Oscillation is stopped. 

When this mode is not used, connect pin SB to 
Vss. 



Multi Chip Operation 

When an LCD is driven with the two or more 
chips, the driving timing of LCD must be 
synchronized. In this case, the chips are 
synchronized with each other by using SYNC 
input. If SYNC input is high, the LCD driver 
timing circuit is reset. Apply high pulse to the 
SYNC input after the operating mode is set. 

A high pulse to the SYNC input changes the 
mode setting data. (The OFF/ON bit is set 
and the READY bit is reset. See (3) Mode 
Setting Data in "Input Data Formats".) Trans- 
fer the mode setting data into the LSI after 



every SYNC operation. 

If a power on reset signal is applied to the 
SYNC pin, the LCD can be off -state when the 
power is turned on. 

When SYNC input is not used, connect pin 
SYNC to V ss . 

When SB input is used, after standby mode is 
released, high pulse must be applied to the 
SYNC input, and mode setting data must be 
set again. 



Restriction on Usage 

Minimize the noise by inserting a noise by- 
pass capacitor (^ 1 fi¥) between Vdd and 
Vss pins. (Insert one as near chip as possible.) 



Liquid Crystal Display Drive Volt- 
age Circuit (HD61604) 

What is LCD Voltage? 

HD61604 drives liquid crystal display using 
four levels of voltages (figure 21); Vdd, Vi, V2, 
and V3 (Vdd is the highest and V3 is the 
lowest). The voltage between Vdd and V3 is 
called Vlcd and it is necessary to apply the 
appropriate Vlcd according to the liquid 
crystal display. V3 always needs to be sup- 
plied regardless of the display duty ratio sin- 



ce it supplies the voltage to the LCD drive 
circuit of HD61604. 

Connecting R2— R5 in series between Vdd 
and Vss (figure 22) generates AV or Vlcd by 
using the resistance ratio to supply these 
voltage to pins Vi, V2, V3. C2— C4 are the 
smoothing capacitors. Connect a trimmer 
potentiometer for R5 and change its resis- 
tance value to control the contrast. 
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Figure 21 LCD Output Waveform and 
Output Levels (1/3 Duty 
Cycle, 1/3 Bias) 



Positive • 

power 

supply 



SB- 



R 2 



NC 
NC-— |V, 
r— V, 
V 2 



V DD 
V ss 

Vrefi 

VreF2 

Vc 



(1) Static Drive 




C 6 2* 1 /<F 



(2) 1/2 Duty Cycle Drive 



(3) 1/3 and 1/4 Duty Cycle Drive 



Note: 1 When standby mode is used, a transistor is required. 

2 R2-R5 should be some kO-some tens of kCl, and C2-C4 should be 0.1 /*F-0.3 //F. 



Figure 22 Example when External Drive Voltage is Used 
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Liquid Crystal Display Drive Volt- 
age (HD61605) 

As shown in figure 23, apply LCD drive volt- 
age from the external power supply. 



Oscillation Circuit 

When Internal Oscillation Circuit is 
Used 

When the internal oscillation circuit is used, 
attach an external resistor Rose as shown in 
figure 24. (Insert Rose as near chip as possible, 
and make the OSC1 side shorter.) 



When External Clock is Used 

When an external clock 6| 100 kHz with 
CMOS level is provided, pin OSC1 can be used 
for the input pin. In this case, open pin OSC2. 



Positive power - 
supply 



Ce 1 



AT 



12 



SB- 




V DD 
V ss 



C 6 ^ 



Note: When standby mode is used, a transistor is required. 



Figure 23 Example of Drive Voltage Generator 



Rose 



80 



79 



Rose 

| WAr» 



80 



0SC1 0SC2 



79 



-0°- 



HD14049UB 



0SC1 0SC2 



-etc. 



80 



NC 
79| 



0SC1 0SC2 



Multichip operation 



Figure 24 Example of Oscillation Circuit 
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Applications 



Vcc 
Vss 



HD6809 
CPU 




" l> l£ Ift ^ D0-D7 o 0SC 2 HD14049UB 

r 
1 



Voo 
READY 

SB HD 

V ss 

COMo 

'ci 1 

Vc2 COM3 SEGp 



F 



^ IS IS 2 



1 



Vdd 
READY 



U Do — D7OSCI OSC2 
V REF , 
V ref2 



Vss 
V c , 



HD61604 



Liquid crystal 



Figure 25 Example (1) 



Vcc 
Vss 



HD6809 
CPU 



R/W 



+ 5V-*-VW- 



+ v 

4 



Vdd 
READY 



It 



S 1= is I 1 l 



v 3 



Vci 

V C2 



H9UB | 



COMo SEGp SEG43 



f V DD 
READY 



o Do -D 3 5 



Jr Vss 

- Vc, 

" V C2 



SEGp SEGea 



Figure 26 Example (2) 
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Absolute Maximum Ratings 






Item 


Symbol 


Limit 


Unit 


Power supply voltage* 


Voo.V„V 8 ,V, 


-0.3 to +7.0 


V 


Pin voltage* 


v T 


-0.3toV DD + 0.3 


V 


Operating temperature 


T"opr 


-20 to + 75 


°c 


Storage temperature 


Tstg 


-55 to + 125 


°c 



*Value referenced to Vss = V. 

Note: If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them within electrical 
characteristics limits is strongly recommended for normal operation. Use beyond these conditions will cause 
malfunction and poor reliability. 



Recommended Operating Conditions 



Limit 



Item 


Symbol 




Min 


Typ 


Max Unit 


Power supply voltage* 


V DD 






4.5 






5.5 V 




Vi,V a 


!.V 3 











Vdd V 


Pin voltage* 


v T 













Vdd V 


Operating temperature 


T"opr 






-20 






+75 °C 


*Value referenced to V s 


; S = 0V. 














Electrical Characteristics 
DC Characteristics 

(V ss = V, V DD = 4.5 V to 5.5 V, Ta = -20°C to +75°C, unless otherwise noted) 

Limit 


Item 




Symbol 


Min 


Typ 


Max 


Unit 


Test Condition 


Input high voltage 


OSC1 


V,H1 


0.8V DD 




Vdd 


V 






Others 


V|H2 


2.0 




Vdd 


V 




Input low voltage 


OSC1 


V, L 1 







0.2V d 


D V 






Others 


V,L2 







0.8 


V 




Output leakage 
current 


READY 


lOH 






5 


M 


Pull up the pin to Vdd 


Output low 
voltage 


READY 


Vol 






0.4 


V 


Iol=0.4 mA 


Input leakage 

current 

*1 


Input 
pin 


liu 


-1.0 




1.0 


M* 


V| N = 0toV D D 


Vi 


l|L2 


-20 




20 


M* 


Vin=Vdd to V3 




v 2 , v 3 


l|L3 


-5.0 




5.0 


MA 




LCD driver voltage 
drop 


COM0-COM3 


v d r 






0.3 


V 


±ld = 3 pi A for each 
COM, V 3 =V DD to 3 V 




SEGq - SEG50 


V d2 






0.6 


V 


±ld = 3 jiA for each 
SEG, V 3 =V DD to 3 V 


Current consumption * 2 


Idd 






100 


M 


During display* 
Rose = 360 kO 






Idd 






5 


M 


At standby 



* Except the transfer operation of display data and bit data. 
*1 V 1f V 2 : applied only to HD61 604. 

*2 Do not connect any wire to the output pins and connect the input pins to V D d or V ss . 
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AC Characteristics 

(V ss = V, V DD = 4.5 V to 5.5 V, Ta = -20°C to +75°C, unless otherwise noted) 











Limit 








Item 




Symbol 


Min 


Typ 


Max 


Unit 


lest condition 


Oscillation frequency 


OSC2 


fosc 


70 


100 


130 


kHz 


nose = 360 Kit 


External clock frequency 


UbUl 


Tosc 




1UU 


loU 


KHZ 




External clock duty 


UoUl 


Duty 


4U 






Q/ 
TO 




I/O signal timing 




ts 


4UU 






ns 








t H 


10 


— 


— 


ns 








*WH 


300 


— 


— 


ns 








twL 


400 






ns 








*WR 


400 






ns 








t0L 






1.0 


US 


Figure 31 






tEN 


400 






ns 








*OP1 


9.5 




10.5 


Clock 


For display data transfer 






toP2 


2.5 




3.5 


Clock 


For bit and mode 
data transfer 


Input signal rise and fall time 




tr.tf 






25 


ns 






Figure 27 Write Timing (RE is fixed high and SYNC low) 




Figure 28 Reset/Read Timing (CS and SYNC are fixed low) 
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WE 



READY 



tDL 



-t EN - 



-toP1, toP2~ 



Figure 29 (READY Timing (When the READY Output is Always Available) 



READY 



SYNC 



Vqh 



1 



-t E N- 



-twH- 



fa \ 



m Within _ 
1 clock 



Figure 30 SYNC Timing 



Measurement 
pin o- 
(READY) 



47 kQ |lOkQ 



30 pF 4= £1 20 k Q$ 1 S2074H 
— V ss 



Figure 31 Bus Timing Load Circuit (LS-TTL Load) 
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Section Seven 



Special Application 
Drivers 
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H D66300T 

(Horizontal Driver for TFT-Type LCD 
Color TV) 



The HD66300T is a horizontal driver used for TFT- 
type (Thin Film Transistor) LCD color TVs. Specifi- 
cally, it drives the drain bus signals of a TFT-type LCD 
panel. 

The HD66300T receives as input three videosignals R, 
G, B, and their inverted signals R, G and B. Internal 
sample and hold circuitry then samples and holds 
these signals before outputting them via voltage fol- 
lowers to drive a TFT-type LCD panel. 

The HD66300T can drive LCD panels from 480 x 240 
pixels middle-resolution up to 720 x 480 pixels high- 
resolution. It has 120 LCD drive outputs and enables 
design of a compact LCD TV due to TCP (Tape Carrier 
Package) technology. 

Available in TCP packaging only. 
Recommended for high volume applications only. 



Features 

• LCD drive outputs: 120 

• Internal sample and hold circuits: 480 (4 circuits 
per output) 

• Support of single-rate sequential drive mode and 
double-rate sequential drive mode 

• Support of various types of color filter arrange- 
ments through an internal color sequence control- 
ler 

• Vertical pixels: 240 (middle-resolution) or 480 
(high-resolution) 

• Horizontal pixels: 480 to 720 

• Support of monodirectional connection mode and 
interleaved connection mode through a bidirec- 
tional shift register 

• Dynamic range: 15 V pp 

• Package: 156-pin TCP 

• Power supply: +5 V and -15 V 

• CMOS process 



Pin Arrangement 




(Top View) 

Note: This does not apply to TCP dimensions. 
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Pin Description 
Pin List 



Pin Name 


Number of Pins 


Input/Output 


Connected to 


Functions (Refer to) 


U \ - UicXJ 




n 


LuU panel 


1 
I . 


HCK1 , HCK2, 
HCK3 


3 




Controller 


2. 


DL, DR 


2 


I/O 


Controller or 
next HD66300T 


3. 


FD 


1 




Controller 


4. 


RS 






GND 


5. 


OE 


1 


, 


Controller 


6. 


SHL 


1 


i 


V cc or GND 


7. 


D/S 


1 


i 


V cc or GND 


8. 


L/F 






V cc or GND 


9. 


MSF1, MSF2 


2 




V rr orGND 
cc 


10. 


TEST1 , TEST2 


2 


■ 


GND 


11. 


Vx1, Vx2, Vx3, 

V/%/1 \/ w p WwO 

vy i , vyc, vyo 


6 




Inverter 


12. 




1 


■ 


Power source 


13. 


v bsB' v bsH 


2 




Power source 


14. 


V LC 1.V LC 2. 
V 3 ' V LC 4 


4 




Power source 


15. 


V 1 V 2 
V CC 1 ' V CC^' 

v cc 3 


3 




Power source 


16. 


GND 


1 




Power source 


17. 


V 1 V 2 
BB ' BB ' 

V BB 3-V BB 4 


4 




Power source 


18. 
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Pin Functions 

1. Dl - D120: These pins output LCD drive signals. 

2. HCK1, HCK2, HCK3: These pins input three-phase 
clock pulses, which determine the signal sampling 
timing for sample and hold circuits. 

3. DL, DR: These pins input or output data into or 
from the internal bidirectional shift register. The state 
of pin SHL determines whether these pins input or 
output data. 



SHL 


DL 


DR 


v cc 


Output 


Input 


GND 


Input 


Output 



4. FD: This pin inputs the field determination signal, 
which allows the sample and hold circuitry and the 
shift matrix circuit to operate synchronously with TV 
signals, at its rising and falling edge. 



FD = high: First field 
FD = low: Second field 



When a non-interlace signal is applied, it must be 
inverted every field. 

When an interlace signal is applied in double-rate 
sequential drive mode with per-line inversion (mode 
1, 2, 3), the signal must be set high in both fields. The 
signal must be set low, however, in each field's hori- 
zontal retrace period. 

5. RS: This pin inputs a test signal and should be 
connected to pin GND. 



6. OE: This pin inputs the signal which controls the 
controller of the shift matrix circuit; it changes the 
selection of a sample and hold circuit and the shift 
matrix (combination of color data), at its rising edge. 
It also switches the bias current of the output buffer, as 
shown in the following table. 

OE Bias Current of Output Buffer 

High Large current (determined by VbsB) 
Low Small current (determined by VbsH) 

7. SHL: This pin selects the shift direction of the shift 
register. 

SHL Shift Direction 

High DL«- DR 
Low DL -» DR 



8. D/S: This pin selects the LCD drive mode. 
D/S Mode 

High Double-rate sequential drive mode 
Low Single-rate sequential drive mode 

9. L/F: This pin selects the inversion mode of LCD 
drive signals. 

L/F Mode 

High Per-line inversion mode 
Low Per-field inversion mode 
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10. MSF1, MSF2: These pins select the function of the shift matrix circuit; they should be set according to both the 
type of color filter arrangement on a TFT-type LCD panel and the drive mode. 



Filter Arrangement 


unve Moae 


MCC4 

Mori 




Diagonal mosaic 


Single-rate 


GND 


V CC /GND 


pattern 


Double-rate 




V CC /GND 


Wl llVfCll Oil IfJO 


on lyre i eiio 


V CC 


v cc 


pattern 


Double-rate 


V CC 


v cc 


Unicolor triangular 


Single-rate 


V CC 


v cc 


pattern 


Double-rate 


v cc 


GND 


Bicolor triangular 


Single-rate 


v cc 


GND 


pattern 


Double-rate 


v cc 


GND 



Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 



11. TEST1, TEST2: These pins input test signals and 
should be connected to pin GND. 

12. Vxl, Vx2, Vx3, Vyl, Vy2, Vy3: Video signals are 
applied to these pins; in general, positive video sig- 
nals are connected to pins Vxi and negative video 
signals to pins Vyi. 

13. V bo : Bias voltage is applied to this pin for the 
differential amplifier in the sample and hold circuitry. 

14. V fesB/ V fesH : Bias voltage is applied to this pin for 
the two power sources of the output buffer. 

VbsB: The voltage for driving a capacitive load 
VbsH: The voltage for holding the output voltage 



15. V LC 1, V LC 2, V LC 3, V LC 4; +5 V LCD drive voltage 
is applied to these pins. 

16. V cc l, V cc 2, V cc 3, V cc 4: +5 V is applied to these 
pins for the logic and the analog units. 

17. GND: V is applied to this pin for the logic unit. 

18. V BB 1, V BB 2: -15 V is applied to these pins for the 
LCD drive unit. 

19. V BB 3, V BB 4: -15 V is applied to these pins for the 
LCD drive unit. 
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Bidirectional shift register 





=53 



Sample and hold 
circuitry 



□ 

D118 



K7= 



Output buffer (amp.) 



□ 

D119 



□ 

D120 



3 

3 

6L 

00 

o 
O 

5 
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Block Functions 

Shift Register: The shift register generates the sam- 
pling timing for video signals. It is driven by three- 
phase clocks HCK1, HCK2, and HCK3, whose phases 
are different from each other by 120°; each clock 
determines the sampling timing for one color signal so 
that three clocks support the three color signals R, G, 
and B. The shift direction of this register canbe changed . 

Level Shifter: The level shifter changes 5-V signals 
into 20-V signals. 

Sample and Hold Circuitry: In double-rate sequen- 
tial drive mode, two sample and hold circuits are 
selected to sample video signals during one horizon- 
tal scanning period out of the four circuits attached to 
one LCD drive signal. One of the two selected circuits 
is read out in the first half of the following horizontal 



scanning period, and the other selected circuit is read 
out in the second half. While the two circuits are being 
read out, the other two circuits sample signals and are 
alternately read out in the same procedure mentioned 
above. 

In single-rate sequential drive mode, one sample and 
hold circuit samples a signal during one horizontal 
scanning period, and is read out in the following 
horizontal scanning period. While it is being read out, 
one circuit out of the other three samples a signal. 

Shift Matrix Circuit: The shift matrix circuit, a color 
sequence controller, changes over the sampled video 
signal every horizontal scanning period. 

Output Buffer: The output buffer consists of a source 
follower circuit and can change the through-rate of an 
output signal by changing the external bias voltage. 
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System Block Configuration Example 



Antenna 



Speaker 



Tuner 



Video 
input O- 



Synchronizing 
isolator 



Sound 
output 



Chroma 



R, G, B 



Inverter 



Controller 



R, G, B 
R,G, B 



HD66300T 
(1) 



HD66300T 
(3) 



HD66300T 

(5) 



HD61105 
(D 



80 



HD61105 
(6) 



x|^Jr ^s^X^ ^N^^ 



TFT -type color LCD panel 
720 x 480 pixels 



^20^ ^2oY 
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(2) 



HD66300T 
(4) 
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Example of HD66300T Connection to LCD Panel 




Figure 1 Example of HD66300T Connection to LCD Panel 
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/ 

Video 
STH 
OE 
FD 

D1-D120 

CL 
D 

Ga-1 
Ga-2 



(''STH 
HCK1 
HCK2 
HCK3 



J I I I J I I L 




J— »-\fclid display period 



J U 2. 5 pixels 




HCK1, HCK2,and HCK3 are 
three-phase clocks having a 
mutual phase difference of 
120°. 

Due to a 1 .5-pixel position shift 
between even number lines 
and odd number lines, a 1.5- 
pixel phase shift must be gen- 
erated between the clocks for 
even number lines and those 
for odd number lines when an 
LCD panel of unicolor triangu- 
lar pattern is used. 



Figure 2 Timing chart 
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Functional Description 

Screen Size 

Number of horizontal pixels: 

- 120, 240, 360, 600, and 720 in monodirectional con- 
nection mode 

- 240, 480, and 720 in bidirectional connection mode 

Number of vertical pixels: 

- 240 in single-rate sequential drive mode 

- 480 in double-rate sequential drive mode 

Single-Rate Sequential Drive Mode and Double- 
Rate Sequential Drive Mode 

Single-Rate Sequential Drive Mode: A typical TV 
signal (Note) has 525 scanning lines, 480 of which are 
part of the valid display period. In interlace scanning 
mode, 480 scanning lines are equally divided into a 
first field and a second field. 

In single-rate sequential drive mode, a 240-pixel-high 
LCD panel is used. 240 scanning lines of the first and 
second fields of the TV signal are respectively as- 
signed to the 240 lines of the LCD panel. 



One line of an LCD panel is driven every horizontal 
scanning period in this mode. 

Double-Rate Sequential Drive Mode: To obtain a 
high-resolution display, a 480-pixel-high LCD panel 
is used . If 480 scanning lines are respectively assigned 
to the 480 lines of the LCD panel, the LCD alternating 
frequency becomes 15 Hz, which causes flickering 
and degrades display quality. To avoid this problem, 
the following method is employed. In the first field, 
the first scanning line is assigned to the first and 
second lines of the LCD panel, the second scanning 
line is assigned to the third and fourth lines, and so on. 
In the second field, the first scanning line is assigned 
to the second and third lines, the second scanning line 
is assigned to the fourth and fifth lines, and so on. 

Two lines of an LCD panel are driven every horizontal 
scanning period in this mode. 

Note- 
Refer to the index for the further information of NTSC 
TV system signals and LCD. 
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Supportable Types of Color Filter Arrangements 

The order and timing for the HD66300T to output 
color signals depend on the color filter arrangement 
on aTFT-type LCD panel. TheHD66300T can support 



TFT-type LCD panels having the following color filter 
arrangements by specifying the operation of the inter- 
nal color sequence controller and by changing the 
external signals to be supplied. 



fa 



PL 




(a) Diagonal from top-left to bottom-right mosaic 
pattern 



(d) Unicolor triangular pattern 





(b) Diagonal from top-right to bottom-left mosaic 
pattern 



(e) Bicolor triangular pattern 




(c) Vertical stripe pattern 



Figure 3 Supportable Types of Color Filter Arrangements 
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Mode Setting Pins 

Mode setting pins MSF1, MSF2, and D/S must be set 
according to both the type of color filter arrangement 
ontheTFT-type LCD panel and the drive mode (single- 
rate sequential drive mode or double-rate sequential 
drive mode). These pins activate the internal color 
sequence controller, which changes the sequence of 
color video signals corresponding to each sample and 
hold circuit and allows the LSI to output color data in 
the right order for the LCD panel being used. 

Per-Field Inversion and Per-Line Inversion 

The inversion mode of LCD drive signals can be 
selected by pin L/F. 



Per-Field Inversion (available with L/F = low) 

In a certain field, all LCD drive signals have one 
polarity and in the following field, they all have the 
inverted polarity. 

Per-Line Inversion (available with L/F = high) 

In a certain field, all LCD drive signals have positive 
polarity in odd number lines and negative polarity in 
even number lines, while in the following field, the 
situation is reversed, that is, negative polarity in odd 
number lines and positive polarity in even number 
lines. 



Table 1 Mode Setting Pins 



Filter Arrangement 


Drive Mode 


D/S 


MSF1 


MSF2 


Referential Timing Charts 


Diagonal mosaic 


Single-rate 


GND 


GND 


V cc , GND 


MODES 15,, 16, 18, and 19 


pattern 


Double-rate 


V CC 


GND 


V cc , GND 


MODES 1,2, 5, 6, 8, 9, 
12, and 13 


Vertical stripe 


Single-rate 


GND 


V CC 


V CC 


MODES 17 and 20 


pattern 


Double-rate 


v cc 


V CC 


v cc 


MODES 3, 7, 10, and 14 


Unicolor triangular 


Single-rate 


GND 


V CC 


v cc 


MODES 17 and 20 


pattern 


Double-rate 


V CC 


V CC 


GND 


MODES 4 and 11 


Bicolor triangular 


Single-rate 


GND 


v cc 


GND 


MODE 17 


pattern 


Double-rate 


V CC 


v cc 


GND 


MODES 4 and 11 



Single-rate: Single-rate sequential drive mode 
Double-rate: Double-rate sequential drive mode 
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Interface 

Video Signals Connection 

Video signals must be connected to pins Vxl, Vx2, 
Vx3, Vyl, Vy2, and Vy3; in principle, positive video 
signals R, G, and B signals must be input to pins Vxl, 
Vx2, and Vx3, and negative video signals R, G, and B 
to pins Vyl, Vy2, and Vy3. For actual connection 
between an LCD panel and the LCD drive signal 



output pins, refer to the following example. 

In the case of Diagonal from top-left to bottom-right 
mosaic pattern. 

This example describes the case in which an LCD 
panel having a diagonal from top-left to bottom-right 
mosaic pattern is driven in double-rate sequential 
drive mode and monodirectional connection mode. 



The Color Sequence for Each Output Pin 



Output Pin 



Color Sequence 



D1 (=D3k+1) 
D2 (=D3k + 2) 
D3 (=D3k + 3) 



R -> B -» G -> R - 
G-»R-»B->G 
B -> G -> R -> B - 



1st line 
2nd line 
3rd line 
4th line 



D1 D2 D3 



HD66300T 
D3k + 1 D3k+2 D3k+3 











// 




rf- 1 ■"- 


R 


G 


B 




R 


G 


B 








B 


R 


G 




B 


R 


G 








G 


B 


R 






G 


B 


R 








R 


G 


B 




) 


R 


G 


B 





























-39) 



The Signal Sequence for Each Output Pin 



Output Pin 



Color Sequence 



D1 (=D3k+ 1) Vx1 -> Vx3 -» Vx2 -» Vx1 -> 
D2 (=D3k + 2) Vx2 -> Vx1 -> Vx3 -> Vx2 -> 
D3 (=D3k + 3) Vx3 Vx2 Vx1 -> Vx3 



(Refer to MODE 5) 



The Connection of Signals 



Signal Color 



Vx1 


R 


Vx2 


G 


Vx3 


B 


Vy1 


R 


Vy2 


G 


Vy3 


B 
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In the case of Diagonal from top-right to bottom-left 
mosaic pattern, Vertical stripe pattern 

The same procedure for video signal connection applies 
to the case in which a TFT-type LCD panel having a 
diagonal from top-right to bottom-left mosaic pattern 
or a vertical stripe pattern is used, as well as to the 
cases where a panel of any pattern is used through the 
bidirectional connection mode. 

Triangular Pattern, Single-Rate Sequential Drive 
Mode 

The following procedures are required when a panel 
of unicolor or bicolor triangular pattern is used: 

1 . Unicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 



The clock phase must be changed every line because 
of the 1 .5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of signals here is the same as that 
described above. 

2. Bicolor Triangular Pattern, Single-Rate Sequential 
Drive Mode 

The clock phase must be changed every line because 
of the 0.5-pixel phase shift between even number lines 
and odd number lines. (Refer to the explanation of 
sampling clocks.) 

The connection of video signals in the second field 
must be changed from that in the first field. See the 
following tables. 



HD66300T 









R G B R G 




\\\\\ 


B R G B 




/ / / / / 


R 


G B R G 



B R G B R 



The Color Sequence for Each Output Pin 

Output Pin Color Sequence 

D1 («D3k +1) R-> B-> R-> B-» 

D2(=D3k + 2) G -> R -> G -> R-> 

P3(=P3k + 3) 'B-»G,-»B-» G-> 

The Signal Sequence for Each Output Pin 

Output Pin Signal Sequence 

1st D1 («D3k + 1) Vx1 -> Vy1 -> Vx1 -> Vy1 -» 

field D2(-D3k + 2) Vx2 -> Vy2 -> Vx2 -> Vy2 -> 

D3(-D3k + 3) Vx3-»Vy3-»Vx3-»Vy3-* 



2nd 
field 



D1 (»D3k+1) 
D2 («D3k + 2) 
D3 (»D3k 4- 3) 



Vy1 - 
Vy2- 
Vy3- 



► Vx1 - 

► Vx2- 

► Vx3- 



► Vy1 • 

► Vy2- 
>Vy3- 



► Vx1 - 

► Vx2- 

► Vx3- 



(Referto Mode 17) 



The Connection of Signal in Each Field 



Vx1 
Vx2 
Vx3 
Vy1 
Vy2 
Vy3 



Per-Fleld Inversion 
Mode (L/F = low) 



Per-Llne Inversion 
Mode (L/F=high) 



1st Field 2nd Field 1st Field 



R 
G 
B 
B 
R 
G 



B 
R 
G 
R 
G 
B 



R 
G 
B 
B 
R 
G 



2nd Field 

B 

R 

G 

R 

G 

B 
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Triangular Pattern, Double-Rate Sequential Drive 
Mode 

Changing the phase of the sampling clocks is suffi- 
cient when the panel is driven in single-rate sequential 
drive mode. However, when the panel is driven in 
double-rate sequential drive mode, the above counter- 



measure does not work, since the display data for two 
lines is sampled at one time here. Consequently, de- 
laying the input video signal for a time period corre- 
sponding to the shift between pixels is required. 



1st line 



2nd line 



3rd line 



4th line 



HD66300T 













R 


G 


B 


R 


G 




\ \ \ \\ 


B 


R 


G 


B 


R 




/ / / / / 


R 


G 


B 


R 


G 




\\\\\ 


B 


R 


G 


B 


R 





A shift in pixel position 
exists between the lines. 



Figure 4 



Video 
signal 



Delayed video 
signal 



Sampling 
clocks 




For the 2nd line 



For the 1st line 



Figure 5 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode 



HD66300T 

o S o o The Color Sequence for Each Output Pin 



R I g I b I r I g I 

>>>>> 

I R I G I B I R |G 
| R | G | B | R |G 



Output Pin Color Sequence 

D1(«D3k+1) R ->R -»R -> R -» 
D2(-D3k + 2) G ->G -»G -» G -> 
D3(-D3k + 3) B ->B ~>B -> B -> 



The Signal Sequence for Each Output Pin (In Interlace mode) 





Output Pin 


Signal Sequence 


1st 


D1 (~D3k+1) 


Vx1 -» Vy1 -> Vx1 -> Vy1 -> 


field 


D2(-D3k + 2) 


Vx2 -> Vy2 -> Vx2 -> Vy2 -> 




D3 («D3k + 3) 


Vx3 -> Vy3 -> Vx3 -» Vy3 -> 


2nd 
field 


D1 («D3k+1) 
D2 («D3k + 2) 
D3 («D3k + 3) 


Vyl -> Vx1 -> Vy1 -> Vx1 -> 
Vy2 -» Vx2 -> Vy2 -> Vx2 -> 
Vy3 -> Vx3 -> Vy3 -> Vx3 -> 



(Refer to MODE 4) 



The Signal Sequence for Each Output Pin (In non-interlace mode) 



Output Pin Signal Sequence 



1st 


D1 («D3k+1) 


Vx1 -» Vy1 -> Vx1 Vy1 




field 


D2 («D3k + 2) 


Vx2 -> Vy2 -> Vx2 -> Vy2 


— » 




D3 («D3k + 3) 


Vx3 -» Vy3 -> Vx3 -* Vy3 




2nd 


D1 («D3k+1) 


Vx1 -» Vy1 -» Vx1 -> Vy1 


-> 


field 


D2 («D3k + 2) 


Vx2 -> Vy2 -» Vx2 -> Vy2 


— > 




D3(-D3k + 3) 


Vx3 -» Vy3 -> Vx3 -» Vy3 


-> 



(Refer to MODE 11) 
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1. Unicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 



The Connection of Signals in Each Field In Interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


=hlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


R 


Delayed R 


R 


Vx2 


Delayed G 


G 


Delayed G 


G 


Vx3 


Delayed B 


B 


Delayed B 


B 


Vy1 


R 


Delayed R 


R 


Delayed R 


Vy2 


G 


Delayed G 


G 


Delayed G 


Vy3 


B 


Delayed B 


B 


Delayed B 


The Connection of Signals in Each Field In Non-interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


=hlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


Delayed R 


Delayed R 


Delayed R 


Vx2 


Delayed G 


Delayed G 


Delayed G 


Delayed G 


Vx3 


Delayed B 


Delayed B 


Delayed B 


Delayed B 


Vy1 


R 


R 


R 


R 


Vy2 


G 


G 


G 


G 


Vy3 


B 


B 


B 


B 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode 



1st line 1 R 1 G 1 B | R | G 1 

\\ \ \ \ 
2nd line | B | R | G | B ]~R 

3rd line | R | 6 J B | R J G | 
4th ,ine 1 8 | R | G I B j R 



The Color Sequence for Each Output Pin 
Output Pin Color Sequence 



D1 (»D3k+1) 
D2 («D3k + 2) 
D3 («D3k + 3) 



R->R-»R->R-> 
G-» R G -» R -» 
B->G-»B->G-» 



The Signal Sequence for Each Output Pin (In interlace mode) 
Output Pin Signal Sequence 



1st 
field 



D1 («D3k+1) 
D2(*D3k + 2) 
D3(=D3k + 3) 



Vx1 Vy1 -> Vx1 -> Vy1 
Vx2 -» Vy2 -» Vx2 -» Vy2 
Vx3 -» Vy3 -> Vx3 -> Vy3 



2nd 
field 



D1 («D3k+1) 
D2 («D3k + 2) 
D3(«D3k + 3) 



Vy1 
Vy2 
Vy3 



Vx1 
Vx2 
Vx3 



Vy1 -> Vx1 
Vy2 -> Vx2 
Vy3 -» Vx3 



(Refer to MODE 4) 

The Signal Sequence for Each Output 
Output Pin 



Pin (In non-interlace mode) 
Signal Sequence 



1st 
field 



D1 («D3k+1) 
D2 («D3k + 2) 
D3(«D3k + 3) 



Vx1 -> Vy1 -» Vx1 Vy1 
Vx2 -> Vy2 -> Vx2 -> Vy2 
Vx3 -+ Vy3 -» Vx3 -» Vy3 



2nd 
field 



D1 («D3k+1) 
D2 («D3k + 2) 
D3 («D3k + 3) 



Vx1 -> Vy1 -> Vx1 -> Vy1 -> 
Vx2 -> Vy2 -» Vx2 ~> Vy2 -» 
Vx3 -» Vy3 -* Vx3 -> Vy3 -> 



(Refer to MODE 11) 
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2. Bicolor Triangular Pattern, Double-Rate Sequential Drive Mode (Cont.) 



The Connection of Signals in Each Field In Interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


=hlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


B 


Delayed R 


B 


Vx2 


Delayed G 


R 


Delayed G 


R 


Vx3 


Delayed B 


G 


Delayed B 


G 


Vy1 


B 


Delayed R 


B 


Delayed R 


Vy2 


R 


Delayed G 


R 


Delayed G 


Vy3 


G 


Delayed B 


G 


Delayed B 


The Connection of Signals in Each Field In Non-interlace Mode 




Per-Field Inversion 


Per-Line Inversion 




Mode (L/F = 


low) 


Mode (L/F 


=hlgh) 




1st Field 


2nd Field 


1st Field 


2nd Field 


Vx1 


Delayed R 


Delayed R 


Delayed R 


Delayed R 


Vx2 


Delayed G 


Delayed G 


Delayed G 


Delayed G 


Vx3 


Delayed B 


Delayed B 


Delayed B 


Delayed B 


Vy1 


B 


B 


B 


B 


Vy2 


R 


R 


R 


R 


Vy3 


G 


G 


G 


G 
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Connection to LCD Panels 

There are two modes of connecting HD66300T chips 
to an LCD panel: 

1) monodirectional connection mode 

2) interleaved connection mode 



In the former mode, the HD66300Ts are set on either 
the upper side or lower side of the panel, while in the 
latter mode, the HD66300Ts are set on both sides and 
the upper drivers and the lower drivers are alternately 
connected to each pixel-column. 



El 



SHL 

DL DR 



HD66300T 
D1 D120 



SHL 

DL DR 



HD66300T 
D1 D120 



-LCD panel- 



Figure 6 Monodirectional Connection Mode 
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Figure 7 Interleaved Connection Mode 
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Internal Operation 

The HD66300T has four sample and hold circuits for 
each outputs as shown in the block diagram, and its 
internal bidirectional shift register controls which 
circuits to sample data. 

It has three-phase shift clocks with mutual phase 
difference of 120° to drive the shift register, which 
enables driving an LCD panel with mosaic pattern 
and triangular pattern. 

The operation of sample and hold circuits and sam- 
pling operation are described below followed by the 
description of the relationship between three-phase 
shift clock phases and frequencies. 

After the above description, determination of bias 
voltage is described; bias voltage controls driving 
characteristics of a differential amplifier and output 
buffer of the sample and hold circuits. 



Finally, the OE and FD signals are described; they 
determine the operation of the sample and hold shift 
matrix circuit. Timing charts for each mode follow the 
description. 

Sample and Hold Circuitry 

Operation of Sample and Hold Circuitry 

The HD66300T has four sample and hold circuits A, B, 
C, and D per LCD drive signal output. Sample and 
hold circuit pair A and B is supplied with the same 
sampling clock pulses as circuit pair C and D. One of 
the signals output by these circuits is connected to an 
output driver. 

These sample and hold circuits repeat sampling and 
outputting of signals alternately to drive an TFT-type 
LCD panel. 



Video 
signals <J 
input 



Sampling 
clock 1 

Sampling q. 
clock 2 




> Output 



Figure 8 Sample and Hold Circuitry 
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In single-rate sequential drive mode, sample and hold 
circuits A and D are alternately used; circuits B and C 
perform sampling operation, but are not used since 
they are not connected to the output driver. 

In single-rate sequential drive mode, one sample and 
hold circuit samples the signal during one horizontal 
scanning period, and outputs it as an LCD drive signal 
in the following horizontal scanning period. 

In double-rate sequential drive mode, all sample and 



hold circuits A, B, C, and D are alternately used. 

In double-rate sequential drive mode, two sample and 
hold circuits sample two signals during one horizon- 
tal scanning period, and output one of them as an LCD 
drive signal in the first half of the following horizontal 
scanning period, and output the other signal in the 
second half. 

The following shows the timing charts of sampling 
and outputting operation. 
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Figure 9 Sampling Timing charts of Single-Rate Sequential Drive Mode 
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Figure 10 Sampling Timing charts of Double-Rate Sequential Drive Mode 
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Sampling Operation 

The HD66300T has a bidirectional shift register com- 
posed of 120 bits and each bit of the shift register 
generates the sampling pulses to control the sampling 
operation of the four sample and hold circuits con- 
nected to each LCD drive signal output pin. When a 
bit of the shift register is 1, the corresponding sample 
and hold circuits are in the sampling state; when it is 
0, the corresponding sample and hold circuits are in 
the hold state. Consequently, shifting a 1 into the shift 



register activates in turn the sample and hold circuits 
corresponding to each LCD drive signal output pin. 

Figure 11 is a shift register sketch illustrating the 
relationship between the shift register and the shift 
clocks HCKl, HCK2, and HCK3. Note that the order 
of sampling pulse generation depends on the state of 
pin SHL. Dl corresponds to DL and D120 to DR. 

Figure 12 is a timing chart of sampling pulses gener- 
ated by the shift register. 
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Figure 11 Shift Register Sketch 
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Figure 12 Sampling Pulse Timing Chart 
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Three-Phase Shift Clocks 

Three-Phase Shift Clocks and Sample Start Signal 

Shift clocks HCK1, HCK2, and HCK3, which are 
operation clocks for the shift register, must be three- 
phase clocks with 50-percent duty. The HCK2 clock 
must be generated 120° after the HCK1 clock, and the 
HCK3 clock 240° after the HCK1 clock. Sampling 



operation starts when 1 is input from pin DL or DR at 
a rising edge of the HCK1 clock pulse. 

In monodirectional connection mode, all the 
HD66300T chips must be supplied with the same 
three-phase shift clock pulses. In interleaved connec- 
tion mode, the frequency of the three-phase shift 
clocks must be half of that in monodirectional connec- 
tion mode, and the phase shift between the upper 
drivers clocks and the lower drivers clocks must be 
one pixel. 
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Figure 13 Three-Phase Shift Clocks and Sample Start Signal 
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Some position shift exists between the pixels of even 
number lines and those of odd number lines for LCD 
panels having triangular patterns. This requires gen- 
erating a phase shift between the three-phase clocks 



for even number lines and those for odd number lines. 
The required phase shift is 1.5 pixels for LCD panels 
having a unicolor triangular pattern, while it is 0.5 
pixels for those having a bicolor triangular pattern. 



lit! ( HCK,_f 1 I 1 I ~1_ 




1^ DL/DR 1 « 

(a) Unicolor Triangular Pattern 





\ 


\ 


\ 


V 


2nd line 


B 


R 


G 


B 





3rd line 


R 


G 


B 


R 






\ 


\ 


\ 


\ 



HCK1 r 

I 
I 
I 

HCK2 ! — 

i 

-4-1 

HCK3 i I 
i 

DL/DR JTL 



J L 



i 0.5-pixel delay 





HCK1 


c 

c 1=5 


HCK2 


eve 
iber 




X. t 

O 3 


HCK3 


u. c 






DL/DR 



__n 



(b) Bicolor Triangular Pattern 



J L 



J L 



1_ 



J ~L 



Figure 14 



HITACHI 

858 Hitachi America, Ltd. » Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HD66300T 



How to Generate Three-Phase Shift Clocks 

Three-phase shift clocks can be generated by dividing 
the base clock, which is generated from a horizontal 
synchronizing clock, through the use of a frequency 
multiplier such as a PLL circuit. 

The number of horizontal pixels of the LCD panel and 
the valid display ratio determines the base clock 
frequency f . 

If the number of horizontal pixels is 480 and the 



valid display ratio is 95% in the NTSC system, the 
base clock frequency f is about 9.59 MHz according 
to the following equation. 

f = (1 /valid display period) x (no. of horizontal 
pixels/valid display ratio) 

« 480/(52.7 usee x 0.95) 

« 9.59 (MHz) 

The three-phase clocks can be generated by divid- 
ing f by 3 (in the monodirectional connection mode) 
or 6 (in the interleaved connection mode). 
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Figure 16 Three-Phase Shift Clocks 
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Bias Voltage 

Voltages , and control the drive capa- 
bility of the output buffer and differential amplifier. 
Here the LSI must be used in the range of 

V cc -4.0VgV bsB/ V bsH ,V bo ^V cc -2.0V 

V teB controls the drive current capability of the output 
buffer when OE is high (IV sB ) and controls the 
leakage correction current of when OE is low (IV^). 
Figure 1 7 and figure 18 show the relationship between 
IV gB and and the relationship between IV^ and 
V teH , respectively. 

V M and should be to an appropriate level for 
the electrical characteristics of the LCD panel used. 



The rise time (t DDR ) and the fall time (t^p) of the 
output buffer depend on the input level of V teB . 
Figure 19 shows the relationship between t DDR , t DDp 

andV bsB- 

controls the bias current of the differential ampli- 
flerdVJ. 

Figure 20 shows the relationship between the rise and 
fall times (X DDR , t DDF ) of the output buffer and V^. 

should be adjusted to an appropriate level for the 
electrical characteristics of the LCD panel used. 
The increase of total current consumption is 1 20 times 
larger than that of IV W anc * because 
figure 17, 18 and 21 each shows the case of one output 
and HD66300T has 120 outputs. 
Figure 1 7, 18, 19, 20 and 21 are just for reference and do 
not guarantee the characteristics. 
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OE Signal 

The OE signal has the following functions: 

Clock for internal circuits: Controls the sample and 
hold circuitry and the controller of the shift matrix 
circuit, and switches the output signal at the OE signal 
rising edge. 

Switching of drive capability of the output buffer: 

Determines the current drive capability of the output 
buffer; 



OE * high: Drives with large current (300 uA, typ) 
OE - low: Drives with small current (20 uA, typ) 

This function allows the output buffer to operate with 
large current during the transition of an output signal, 
thus shortening its falling time. At the same time it 
allows the output buffer to operate with small current 
while an output signal is stable, lowering current con- 
sumption. 

The drive current is controlled by bias voltages V M 
(large current) and (small current). 
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signal 1 
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Figure 23 Switching of Drive Capability of the Output Buffer 
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FD Signal 

The FD signal is the field determination signal; a field 
is determined by the state of this signal at the rising 
edge of the OE signal. This signal synchronizes the 
internal controllers with TV signals. 

The order of outputting signals is determined at the 
fourth rising edge of the OE signal after the rising or 
falling edge of the FD signal in double-rate sequential 
drive mode, while it is determined at the third rising 
edge in single-rate sequential drive mode; hereinafter, 
as long as the FD signal is not changed, signals will be 
output in the determined order at most every 12 

Timing Charts for Each Mode 

Table 2 Reference timing charts for each mode 

Single (D/S = Low) Double (D/S = High) 



interlace Non-lnterlace 



Filter Arrangement 


Per-Line 


Per-Field 


Per-Line 
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Single: Single-rate sequential drive mode 
Double: Double-rate sequential drive mode 
Per-Line: Per-line inversion mode 
Per-Field: Per-field inversion mode 
Interleaved: Interleaved connection mode 
Monodirectional: Monodirectional connection mode 



pulses of the OE signal in double-rate sequential drive 
mode, while at most every 6 pulses in single-rate 
sequential drive mode. 

The FD signal should usually be high in the first field 
and low in the second field. In some modes, however, 
it should be high in both fields, but low for at least one- 
pulse time period of the OE signal during the horizon- 
tal scanning period. 

The order of outputting signals and the timing of 
inputting the FD signal vary depending on the mode. 
For more details, refer to the appropriate timing 
charts. 
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I I I SAMPLE I |QUT«| SAMPLE I I OUT I SAMPLE I 



II II | SAMPLE | OUT | | SAMPLE IQUTl I SAMPLE I OUfTy) I SAMPLE I OUT | | 

1 | SAMPLE | | OUT | SAMPLE) |OUT| SAMPLE I I OUT | SAMPLE | | ^ | SAMPLE | ) 1 



D3K+1 X X X X X X X > &WZ)^^ 

D3k+2 X X X X X X X X y^><^^^ X X 

D3k+3 X X X X X X X X ^Xv^X^ X X 



Ga-1 
Ga-2 
pa-480 



_t~l 



HITACHI 
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HD66300T 



MODE 5 


D/S 


Vcc 


L/F 


GND 


MSF1 


GND 


MSF2 


Vcc 



'video -i^ 
DL/DR 



jmj: 



JL 



oe TJT^TjTJTJTJTJTJTJTJT^ 



FD 


| 








'a r 


Sample and 


B 1 


hold circuits 


c 1 




D 1 







4- 



rgAMPLE {OUT | | SAMPLE | OUT | | SAMPLE | OUT \ | SAMPLE |OUT | | | S5~l0UT| | | 
^SAMPLE | | OUT | SAMPLE I. I OUT | SAMPLE I |OUT| SAMPLE 1 |OUT| 10UT| | 

I 1 SAMPLE IOUT1 | SAMPLE |OUT| | SAMPLE |OUT| 1 SAMPLE |OUtJ)^ | SAMPLE I OUT| ] 
D I I I SAMPLE | IQUTI SAMPLE | | OUT I SAMPLE | |OUT | SAMPLE | | ^ | SAMPLE | |OUT| 



D3k+1 XXX )T^ i)<^^ 

D3k + 2 XXX T^ ^^ 

D3k+3 xxx )ry ^>c^^ 



Ga-1 ■ 
Ga-2 • 
Ga-480 



4- 



Video jg^ 283 u 284 J~2ST\J^J^^ 1 y 2 
DL/DR I L I I I I I L-J&-J 

oe LJTJTJT-TUTJU^^ 



FD 



Sample and 
hold circuits 



| | SAMPLE IQUTI | SAMPLE | OUT | j SAMPLE I OUT I 1 1 ^TOUTl 1 | 



B C 

C C 

D C 



1 I I SAMPLE I IQUTI SAMPLE I I OUT I SAMPLE I lOUTl 



i r 



3>< 

I I | SAMPLE | OUT | | SAMPLE |OUT| | SAMPLE IOUtT*)^ I SAMPLE |OUT| | 
| j SAMPLE j | OUT | SAMPLE | |OUT| SAMPLE I I OUT j SAMPLE I T"^ I SAMPL.1T 



to 



□ 



D3k+1 XXX X X X X X yTiX^^^ 
D3k+2 X X X X X X X X v^iX^ 

D3k + 3 x x x x x x x > s^xwx^ x x 



Ga-1 • 
Ga-2 
kpa-480 



HITACHI 
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HD66300T 



MODE 6 


D/S 


Vcc 


L/F 


GND 


MSF1 


GND 


MSF2 


GND 



Video -1^ 
DL/DR 



JL. 



-MS-L 



FD 


1 








'a r 


Sample and 


B 1 


hold circuits 


C 1 




n 1 



45- 



\ | SAMPLE |OUT| 1 SAMPLE jOUTj | SAMPLE |OUT| I SAMPLE |OUT|~^ 1 SAMPLE IQUTj 1 
I | SAMPLE 1 | OUT | SAMPLE | 1 OUT | SAMPLE j jOUTj SAMPLE | | ^ff SAMPLE | |OUT | 



D3k+i xxx yry yjwz^ 

:VxlXVx2XVx3XVxlX xi 



D3k+2 X X X X X V^XvxlXvxl^^ 
D3k+3 XXX X^ 3X^^^ 



Ga-1 • 
Ga-2 ■ 

Ga-480 

\ 



/ 
Video 

DL/DR 



OE 
FD 



282 ^ 283 u _JM_ Jl8^ U _L_ 

I _J I I JL I I L_4_J 

UT_TLriJlJlJT^ 



Sample and 
hold circuits 



A II II | SAMPLE lOUT | | SAMPLE lOUTl 1 SAMPLE I OUT | | I ffi"I5UT| j ~1 

B II II I SAMPLE I jOUTl SAMPLE I I OUT 1 SAMPLE I lOUT 1 ~T"S^I lOUTl "1 



C I II III SAMPLE | OUT | | SAMPLE |OUT| | SAMPLE |QUT| )\ I SAMPLE lOUTl | 

D I I | SAMPLE | | OUT | SAMPLE | |OUT| SAMPLE I I OUT | SAMPLE \ | ^ | SAMPLE | j | 



Wk+i X X X X X X X X y^Xv^ 
D3k+2 X X X X X X X X y&nft^^ 
D3k+3 X X X X X X X X vTsX^Xv^^ 



Ga-l 
Ga-2 
L.Ga-480 



HITACHI 
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871 



HD66300T 



MODE 7 


D/S 


Vcc 


L/F 


GND 


MSF1 


Vcc 


MSF2 


Vcc 



'video -H^ 
DL/DR 



JIIlj-iriJZID^ Lr j64_ 



OE 



FD 



™i I — i I — i i — I I — i i — i i — i i — i i — i r— i i — I i — i r— i i — I i — i i — I r—i i — i i — i I — i r~i I I — i I — I |— I I — I I — I I — I 

UUUUUUU LJI_I U U l_l LJU UUITUU l_l )VJL_I L_l l_l L_l L_l L_ 

i 8 — 



Sample and 
hold circuits 



'A I | SAMPLE | OUT | j SAMPLE | OUT j | SAMPLE 1 OUT 1 | SAMPLE | OUT j | | ^ |OUTl 1 | 

B 1 I SAMPLE [ 10UTI SAMPLE I |OUT| SAMPLE 1 |OUT| SAMPLE I |OUT| | | |OUT| "1 

C I I I SAMPLE 10UTI 1 SAMPLE 1 OUT! | SAMPLE I OUT| | SAMPLE IQUTT^ | SAMPLE I OUT 1 "1 

D I I I SAMPLE | 1QUTI SAMPLE | )QUT| SAMPLE | |OUT| SAMPLE} 1 I SAMPLE | |OUT| 



D3k+1 XXX X"^ TX^X^ 
D3k+2 XXX X^ v^XvI^^ 

D3k+3 X X X X X v^Xy^^ X 



Ga-1 
Ga-2 



-ft- 



J~~L 



Ga-480 

\ 



I I I I I I I 1 ft 1 



DL/DR L 

oe UTJTJTJT-TLTIJXJ^^ 
fd 1 



Sample and 
hold circuits 



• 1 g 

A 11 II | SAMPLE lOUTl j SAMPLE I OUT I I SAMPLE I OUT I 1 | ^~To"UT| \ | 

B II II I SAMPLE I I OUT I SAMPLE I 1 OUT I SAMPLE I lOUT 1 I Vp I OUT I "~| 

C I II II I SAMPLE | OUT | | SAMPLE IOUTI | SAMPLE I OUT I )^ I SAMPLE |OUT| | 

D | | | SAMPLE | | OUT | SAMPLE | |OUT| SAMPLE I | OUT | SAMPLE | | ^ \ SAMPLE | | | 



D3k+i x x x x x x x X v^TyvT^Xv^^ x x 

D3k+2 X X X X X X X X v^Xy^XvT^^ 

D3k+3 X X X X X X X X y73Xy^Xv7^^ X X 



Ga-1 
Ga-2 
.Ga-480 



HITACHI 
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HD66300T 



MODE 8 


D/S 


V C c 


L/F 


Vcc 


MSF1 


6ND 


MSF2 


Vcc 



Video 22 JZK^nj~W\^ 263 u _264_ 

DL/DR I I I I I I I I 



-4- 



OE 
FD 



g 



Sample and 
hold circuits 



' A I | SAMPLE lOUTj | SAMPLE |OUT| | SAMPLE jOUTj | SAMPLE jOUTj \ | ^ jQUTj | [ 

B | 1 SAMPLE | jOUT | SAMPLEj | OUT \ SAMPLE \ |OUT| SAMPLE | |OUT| |^| |OUT| | 

C I I 1 SAMPLE IOUTI 1 SAMPLE lOUTj \ SAMPLE jOUT| | SAMPLE jOUT| ^ | SAMPLE |OUT| \ 

D | | \ SAMPLE 1 lOUTf SAMPLE | |OUT| SAMPLE \ |QUT| SAMPLE \ \ § | SAMPLE | |OUT| 



D3k+1 xxx x ~yyZXy^ 

D3k+2 x y y y 
D3k+3 x x x x ) ^x^y^^ 



Ga-1 
Ga-2 
Ga-480 



4" 



-4- 



x: 



Video gg^ 284 J JK\ J~2*S^ ^ 1 Lr _2_ 

l I I L L I I I 



DL/DR 
OE 
FD 



UTJTJTJTJTJTJIJTJTJT^ 

4- 



Sample and 
hold circuits 



A \ I SAMPLE I OUT | | SAMPLE jOUT | | SAMPLE \ OUT I | SAMPLE | OUT | | T^lOUTl | ~l 

B I I SAMPLE | 1 OUT | SAMPLE \ |OUT| SAMPLE j |OUT[ SAMPLE | jOUT| ~T"Mi |0UT| ~| 

C I 11 SAMPLE 10UTI | SAMPLE |OUT| 1 SAMPLE |OUT| | SAMPLE lOUTf^ 1 SAMPLE |OUT| ~"| 

D I 1 1 SAMPLE 1 | OUT | SAMPLE j )OUT| SAMPLE | |OUT| SAMPLE | 1 SAMPLE j 1QUT| 



D3k+1 X X X X X WXM)<^ 

D3k+2 x y x y~x ^xv^ 
D3k+3 y y y x ^ x^yv^^ 



Ga-l 
Ga-2 
^Ga-480 



-»- 



HITACHI 
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HD66300T 



MODE 9 


D/S 


Vcc 


L/F 


V cc 


MSF1 


GNO 


MSF2 


GND 



DL/DR | I I I I I I I I » I 



OE 
FD 



UTJIJIJTJTJTJTJTJTJT^^ 

: : ; g 



Sample and 
hold circuits 



"A I | SAMPLE |OUT j | SAMPLE 1 OUT | | SAMPLE jOUTj [SAMPLE jOUT| \ | ^ |qUT| | | 

B I I SAMPLE \ fOUT | SAMPLE | 1 OUT | SAMPLE | |OUT | SAMPLE | |OUT| I SVT" |OUT| ~] 

C I I I SAMPLE jOUTj | SAMPLE |OUT| \ SAMPLE |OUT| \ SAMPLE jOUTj ^ TSA MPLE |OUT[ ~| 

D | | | SAMPLE j jOUT| SAMPLE | | OUT | SAMPLE 1 lOUTj SAMPLE | j ^ | S AMPLE j |out1 



D3k+i xxx x"^ ny^>^^ 

D3k+2 x x x x 

D3k+3 x x x x x ^x^^^ 



Ga-1 
Ga-2 
Ga-480 



4- 



4^- 



Video gl^. 284 J^J ^m^J J^^^ 1 u 2 
DL/DR I I L_ I I 1 I I J_4JJ 

FD I 



Sample and 
hold circuits 



A I | SAMPLE | OUT | | SAMPLE 10UT| | SAMPLE | OUT | \ SAMPLE \ OUT | | pS^ |0UT| | "1 

B I I SAMPLE 1 | OUT | SAMPLE | jOUTj SAMPLE | jOUT j SAMPLE I |OUT| \ \\ \ lQUT| | 

C C 

D C 



I SAMPLE 1QUTI | SAMPLE 10UT1 | SAMPLE 1QUT| | SAMPLE |QUTl ^TT SAMPLE |QUT| \ 
\ | SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE | lOUTl SAMPLE \ \ SAMPLE \ \0U1\ 



D3k+i y x x x x ^x^xv^^^ 



D3k+2 y x x y~x wx^^^ 
D3k+3 x x x x XwX^x^ 



Ga-l 
Ga-2 
^Ga-480 



HITACHI 
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HD66300T 



MODE 10 


D/S 


Vcc 


L/F 


Vcc 


MSF1 


Vcc 


MSF2 


Vcc 



Video Z1 ?l 



DL/DR I I I I I I I I 1 a ' 

0E UIJTJTJIJTJIJTJTJT^^ 

FD I ^ 



Sample and 
hold circuits 



Ga-1 
Ga-2 
Ga-480 



'A | | SAMPLE I OUT \ I SAMPLE |OUTl | SAMPLE | OUT | | SAMPLE I OUT | \ 1 ft 1QUT| \ \ 

B | \ SAMPLE 1 |OUT| SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE 1 |QUT| | ft \ jOUT| [ 

C [ 1 \ SAMPLE IOUTI | SAMPLE [OUT| 1 SAMPLE jOUT| \ SAMPLE jOUTl ft | SAMPLE |OUT| "1 

D | | | SAMPLE | |OUT| SAMPLE \ |QUT| SAMPLE | |OUT| SAMPLE | | ft | SAMPLE \ |OUT| 



D3k+1 XXX X "l^^ 
D3k+2 X X X X Xy^yv^ 
D3k+3 X X X X X y^Xv^^ 



4- 



Video ™\j 284 Jj>j3J"28T]j^^ 1 u _J_ 
I L I I I I I I L_ty__L 



DL/DR 
OE 
FD 



UTJT-TLJ1JLJLJU 

4- 



Sample and 
hold circuits 



A I | SAMPLE I OUT 1 j SAMPLE |OUT | \ SAMPLE | OUT j 1 SAMPLE 1 OUT | | I ft |OUT| | ~~\ 

B 1 I SAMPLE I lOUTj SAMPLE j |OUT| SAMPLE | |OUT| SAMPLE | |OUT| |ft| |OUTl | 

C I II SAMPLE IOUTI | SAMPLE I0UT1 | SAMPLE 10UT| | SAMPLE |QUT| ft I SAMPLE |OUT| | 

D I 1 I SAMPLE | lOUTj SAMPLE | |OUT| SAMPLE | lOUTl SAMPLE | | ft | SAMPLE \ |OUT| 



D3k+i y x x x y w)&mw^^ 

D3k+2 XXX 7~X yy2Xv^^^ 



D3k+3 y y y x^ ^^ 



Ga-1 
Ga-2 
^Ga-480 



HITACHI 
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HD66300T 



M0DE1 1 


D/S 


Vcc 


L/F 


Vcc/GND 


MSF1 


Vcc 


MSF2 


GND 



''video il u _iLjIlI^pEUIlL^J^^ 
DL/DR I i I I I I i I I i 

« Ln_rui_ruijiJijiJijij^^ 

FD I 



4- 



Sample and 
hold circuits 



/ h 1 I SAMPLE I OUT i | SAMPLE f OUT | | SAMPLE j OUT | | SAMPLE | OUT | \ ~TS\ |OUT| | ~| 

B 1 j SAMPLE | |OUT | SAMPLE | j OUT \ SAMPLE \ |OUT | SAMPLE \ lQUT| |OUT| | 

C I I I SAMPLE 1 OUT | I SAMPLE |OUT( \ SAMPLE jOUT | \ SAMPLE |OUT{ ^ "T~SA MPLE |OUT{ "1 

D I I I SAMPLE | lOUTl SAMPLE | |OUT| SAMPLE | jOUTj SAMPLE \ \§ \ SAMPLE 1 |OUTl 



D3k+i xxx x ~y&xw^^ 



D3K+2 x x x x 

D3k+3 x y xx ~) ^3)<^^ 



Ga-1 
Ga-2 
Ga-480 



4" 



4- 



Video gg^ 284 JJM3J~t*nj^^ 1 lT -L- 

I I I I I J I I 



DL/DR 
OE 
FD 



4- 



UTJTJTJTJ1JTJTJTJT_^^ 

4- 



Sample and 
hold circuits 



A I I SAMPLE I0UT1 | SAMPLE jOUTl | SAMPLE | OUT | | SAMPLE | OUT | | | ft |OUT.| j I 

B I | SAMPLE | jOUTj SAMPLE | |OUT| SAMPLE | |OUT| SAMPLE 1 |OUT| |ftl lOUTj "~| 

C 1 II SAMPLE 1QUTI | SAMPLE |OUT| 1 SAMPLE |OUT| | SAMPLE lOUTl ft 1 SAMPLE |OUT| | 

D I 1 1 SAMPLE | jOUTl SAMPLE | |OUT| SAMPLE | |QUT| SAMPLE | | ft | SAMPLE | 



D3k+1 x xxx X ^XyTW^^ 



D3k+2 XXX Y~^ zX^^^ 
D3k+3 X X X X ~^ iX^ 



Ga-1 
Ga-2 
kGa-480 



HITACHI 
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HD66300T 



M0DE12 


D/S 


V C c 


L/F 


GND 


MSF1 


GND 


MSF2 


Vcc 



Video ll^_J*_J^I3J~inj-t^^ 263 is JU_ 

OL/DR | I I I I I I I 



4V- 



OE 
FD 



UTJTJTJTJOJTJTJTJTJTJTJTJT^ 

g 



Sample and 
hold circuits 



/ k | | SAMPLE | OUT { | SAMPLE | OUT | | SAMPLE 1 OUT | | SAMPLE | OUT \ \ ~J% |OUTj \ ~] 

B | | SAMPLE | {OUT | SAMPLE | | OUT \ SAMPLE j (OUT | SAMPLE | |OUT( ~T*)\ I jOUT| ~] 

C 1 I I SAMPLE lOUTj | SAMPLE |OUT| | SAMPLE |OUT| | SAMPLE fOUTj ^ | SAMPLE j OUT j | 

D | | [ SAMPLE | jOUT j SAMPLE \ |OUT| SAMPLE \ \QUJ\ SAMPLE | \ \\ \ SAMPLE) l0U"7| 



D3k+1 X X X X~X v^X5*Xy^^ 

D3k+2 x y x y~) <y^^^ 

D3k+3 XXX )Q ^3X^iX^^^ 



Ga-1 
Ga-2 
Ga-480 



4- 



_t~l 



Video gS^ 284 J JK\ fz™\ j^^ 

I I I I i I I | L^y-i. 



DL/DR 
OE 
FD 



4- 



Sample and 
hold circuits 



A I | SAMPLE |OUTl | SAMPLE |OUT j | SAMPLE jOUTj j SAMPLE jOUTj 1 ~TS\ |OUT| | 
B I | SAMPLE | | OUT j SAMPLE | lOUTj SAMPLE 1 jOUTj SAMPLE \ lOUTj |^1 lOUTj ' 



1 



c c 

D c 



| 1 SAMPLE 1QUTI | SAMPLE 1QUT[ | SAMPLE 10UTI | SAMPLE 10UT1 SAMPLE |OUT| | 
1 | SAMPLE 1 | OUT | SAMPLE 1 |OUT| SAMPLE | lQUT| SAMPLE \ I SAMPLE 1 |OUT| 



D3k+i X X X )Cy w)<y^y^^ 

D3k+2 xxx x~o <^x^y^ 

D3k+3 XXX X"y ^X^T^^ 



Ga-1 
Ga-2 
.Ga-480 



-»- 



_t~l 



J 



HITACHI 
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HD66300T 



M0DE13 


D/S 


Vcc 


L/F 


GND 


MSF1 


6ND 


MSF2 


GND 



^ideo 21^ 22 JJE]J~tnj~^^ 263 i j JS L _ 

DL/DR j j i i I 1 I 1 1 I 



OE 
FD 



LTLRJlJTJTJlJlJT_n^ 

■ i % 



Sample and 
hold circuits 



Ga-1 
Ga-2 
Gi-480 



A | 1 SAMPLE lOUTj | SAMPLE |OUTl | SAMPLE jOUTj | SAMPLE jOUT| | ~T"ft lQUT( | ~] 

B j | SAMPLE | |OUT | SAMPLE 1 | OUT | SAMPLE 1 jOUTj SAMPLE | |OUT{ | ffil |0UT| ~\ 

C 1 1 1 SAMPLE I OUT 1 | SAMPLE lOUTj | SAMPLE lOUT | 1 SAMPLE | OUT j frTSAMPLE \ OUT | "1 

D 1 | 1 SAMPLE \ lOUTl SAMPLE 1 |OUT| SAMPLE | jOUTl SAMPLE \ \ § \ SAMPLE | [oUTj 



D3K+1 XXX X" 7^^^ 

D3k+2 X X X X X y^^X^^ 
D3k+3 X X X X ) ^X^^ 



4^- 



Video gg^ 284 J□i^j"l86~]^^ 

DL/DR ' I I I J I J I I 1 1 



OE 
FD 



4- 



Sample and 
hold circuits 



\ 1 1 SAMPLE j-OUTj | SAMPLE |OUTj 1 SAMPLE 1 OUT) 1 SAMPLE 1 OUT 1 1 1 ft |OUT| I 
B 1 1 SAMPLE 1 lOUTj SAMPLE ( jOUT| SAMPLE | |OUT| SAMPLE | |OUT| | ^ 1 |OUT| 



C I 1 I SAMPLE lOUTl I SAMPLE |OUTj | SAMPLE jOUTj | SAMPLE lOUTT^ I SAMPLE |OUT| "1 

D 1 I | SAMPLE j | OUT | SAMPLE j |OUT | SAMPLE j 1 OUT 1 SAMPLE 1 1 SAMPLE \ \OUf\ 



D3k+i x x x x x ^iX^x^x^ 



D3k+z x x x x x ^Xy^ix^ 
D3k+3 x x x x y z^&x^ 



Ga-1 
Ga-2 
kpa-480 



-»- 



HITACHI 
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HD66300T 



M0DE14 


D/S 


Vcc 


L/F 


GNO 


MSF1 


Vcc 


MSF2 


Vcc 



Video 2} 22 

u 



OL/DR 
OE 
FD 



_J L I I I I 1 I 1 I 



Sample and 
hold circuits 



1 | SAMPLE [OUT 1 | SAMPLE jOUT| | SAMPLE | OUT | | SAMPLE [ OUT \ [ [ ^ [OUT[ \ 
B | [SAMPLE | 1QUT| SAMPLE | |OUT| SAMPLE \ |OUT | SAMPLE 1 |OUT( [ ^ [ |OUT| 

c C 



J 



1 | SAMPLE |QUT| \ SAMPLE |OUT [ | SAMPLE |OUTl \ SAMPLE [OUT| ^ [ SAMPLE [OUT| 1 
| SAMPLE | |OUT | SAMPLE | [QUT[ SAMPLE \ jOUTf SAMPLE \ ~T§ 1 SAMPLE | [OUT[ 



D3k+1 XXX X~^ >^^ 
D3k + 2 X y X Y~) <y^Xv7^^ 

D3k+3 X y X X ") <y^Xvl^^ 

X~L_ . 



Ga-1 
Ga-2 
Ga-480 



-4- 



4- 



4- 



Video ^ 284 J^iqjriir]JW^j~2^^^ t u _2_ 

I I I I I I I I I tt I 



DL/DR 
OE 
FD 



UTJTJOJTJTJTJTJTJTJTJl^^ 

4- 



Sample and 
hold circuits 



A 1 [SAMPLE jOUTl | SAMPLE |0Ut1 [ SAMPLE |OUT | [ SAMPLE | OUT 1 j 1 jOUTj 1 1 

B I 1 SAMPLE [ [ OUT | SAMPLE [ [OUT [ SAMPLE [ [OUT [ SAMPLE [ [OUT[ |^1 [OUT[ | 

C > 1 t SAMPLE [OUTl [ SAMPLE [OUT| [ SAMPLE |OUT| | SAMPLE lOUlT^ I SAMPLE [OUTl "1 

D 1 1 [ SAMPLE 1 [OUT 1 SAMPLE [ [ OUT [ SAMPLE [ | OUT [ SAMPLE | "T^ I SAMPLE [ |0u71 



D3k+1 X X X X 

D3k+2 XXX Y~l <M>(w)6^ 

D3k+3 y y y x ^ /^^^ 



Ga-1 
Ga-2 
kGa-480 



-4- 



_T~L 



HITACHI 
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HD66300T 



M0DE15 


D/S 


GND 


L/F 


Vcc 


MSF1 


GND 


MSF2 


Vcc 



Video 
DL/DR 
OE 
FD 



i i I i 1 I i I i I L L4V-J 



4Ui_n__n— n 



Sample 
and 
hold 
circuits 



| fSAMPLE| OUT | SAMPLE \ OUT {SAMPLE | OUT | SAMPLE | OUT | SAMPLE | OUT | SAMPLE | ^TOUT I I 

Not used 
Not used 

| I | SAMPLE 1 OUT j SAMPLE | OUT | SAMPLE \ OUT | SAMPLE | OUT | SAMPLE 1 OUT 1 ^ 1 SAMPLE 1 OUt~~| 




\ 



Ga-1 
Ga : 2 
Ga-240 



J L 



J L 






A 


I I I 


I | | SAMPLE | OUT 


SAMPLE | OUT | SAMPLE 


OUT | SAMPLE | 


\\ | SAMPLE | OUT 


Sample 
and 


B 


Not used 










hold 
circuits 


C 


Not used 










D 


I I I 


1 I SAMPLE I OUT j SAMPLE 


OUT | SAMPLE | OUT 


SAMPLE | OUT | 


\\ 1 OUT | 




Ga-1 
Ga : 2 
Ga-240 
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HD66300T 



MODE 16 


D/S 


GND 


L/F 


Vcc 


MSF1 


GND 


MSF2 


GND 



DL/DR 1 I ! I 1 I I I I I 1 I a I 



OE 
FD 



4VrL_TL_rLJl 



I I SAMPLE I OUT I SAMPLE \ OUT | SAMPLE j OUT \ SAMPLE | OUT | SAMPLE \ OUT | SAMPLE | fy| OUT | 1 

Not used 




Ga-1 
Ga : 2 
Ga-240 



\ 




Sample 
and 
hold 
circuits 



I I I 


I I | SAMPLE I OUT | SAMPLE| OUT | SAMPLE | OUT | SAMPLE | 


T 


[SAMPLE | OUT | 


Not used 








Not used 








I I I 


1 I SAMPLE 1 OUT | SAMPLE 1 OUT I SAMPLE I OUT | SAMPLE I OUT | 




OUT | | 




Ga-1 
Ga-2 
Ga : 240 
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HD66300T 



M0DE17 


D/S 


GND 


L/F 


Vcc 


MoFI 


Vcc 


MSF2 


Vcc 



DL/DR I i I i i I j I I I 





Sample 
and 
hold 
circuits 



Ga-1 
Ga : 2 
Ga-240 



I I I 


I 1 1 sample! out 1 sample 1 OUT 


SAMPLE | OUT | SAMPLE | 


\\ | SAMPLE | OUT | 


Not used 








Not used 








I I I 


1 I SAMPLE | OUT | SAMPLE 1 OUT I SAMPLE 


OUT ISAMPLEI OUT | 


S\ 1 OUT | | 



D3k + 1 X X X X X X X v>i y~w"^X vy' X v«' X vy' X~^>~X vyi ) QV V X~v»rX X 

D3k+2 x x x x x x x "W x^rx"^rx"vs~x~vyTy^^^ t 
D3k+3 y x x x x x x^yTyi^-x"wY^5-v^r^^ x~ 



J L 



J L 
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M0DE18 


D/S 


GND 


L/F 


GND 


MSF1 


GND 


MSF2 


v cc 



Video J0 u -2L Xf JE\pi^ 

DL/DR I 1 I I 1 I 1 I 1 1 I I 1 

OE 

FD 



n_n_n 



Sample 
and 
hold 
circuits 



A 1 | SAMPLE | OUT | SAMPLE | OUT | SAMPLE { OUT } SAMPLE | OUT | SAMPLE 1 OUT | SAMPLE | $| OUT | j 

B Not used 

C Not used 

D | | | SAMPLE 1 OUT | SAMPLE | OUT | SAMPLE j OUT | SAMPLE | OUT | SAMPLE | OUT \ fy| SAMPLE 1 OUT~l 




Ga-1 
Ga : 2 
Ga : 240 



J L 



J L 



Video 28 °y 281 u 282 u 283 u 284 J*^J™\J*^ 

DL/DR | | I | 1 | | | L 



OE 
FD 



Sample 
and 
hold 
circuits 



1 2 
TJ U LT 



^ji_n_ri__ri 



I SAMPLE l OUT I SAMPLE j OUT | SAMPLE | OUT | SAMPLE | S^TsaMPLE | OUT \ 



Not used 
I I I 



I | SAMPLE | OUT 1 SAMPLE I OUT I SAMPLE 1 OUT j SAMPLE 1 OUT 1 ^ I OUT j 1 

D3k+i x x x x x x Y~^rx^r>Cvyr^ x 
D3k+2 X X X X V X )CT?3Y¥Y^^ T 



Ga-1 
Ga : 2 
Ga : 240 
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M0DE19 


D/S 


GND 


L/F 


GND 


MSF1 


GND 


MSF2 


GND 



' Video *\Jl^m^^ 
DL/DR ! ! ! I ! 




Ga-1 
Ga : 2 
Ga-240 



J L 



J L 




Sample 
and 
hold 
circuits 



Ga-1 
Ga : 2 
Ga-240 



I I I 


I | | SAMPLE | OUT | SAMPLE | OUT J SAMPLE | OUT | SAMPLE | 


~T 


|SAMPLE| OUT | 


Not used 








Not used 








I I I 


I | SAMPLE 1 OUT | SAMPLE 1 OUT | SAMPLE I OUT | SAMPLE I OUT | 


31 


| OUT | | 



Mk+i x x x x x x y »' y~v?T)r^rvFY^rx'vrtXvin^ ^ w x x~ 
osk+2 x x x x y x v ^r^Y^no^Y^^^ sr 



D3k+3 x x x x x x ~i cwi(r*r)Cv*YwY^ 
; i — i 



J L 



J L 
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MODE20 


D/S 


GND 


L/F 


GND 


MSF1 


Vcc 


MSF2 


Vcc 



Video 



OL/DR I I I I I I I I I I I I tt I 





Sample 
and 
hold 
circuits 



\ 1 II 1 | SAMPLE | OUT j SAMPLE | OUT | SAMPLE 1 OUT 1 SAMPLE ) Vi j SAMPLE \ OUT | 

Not used 



1 1 1 I 1 SAMPLE I OUT | SAMPLE I OUT 1 SAMPLE I OUT | SAMPLE I OUT | OUT 1 1 

D3k+i x x x x x x )(~wrY^in^ x 

D3k+2 X X X X X X XvyFY'vyTX^^ X 
D3k+3 X X X X X X X^X^Tv;^^ X 

: 1— i ft 



Ga-1 
Ga : 2 
Ga : 240 



J L 
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NTSC System TV Signals and LCD 

A TV screen display, which is updated 30 times per 
second, is called a "frame" and is composed of 525 
scanning lines. One frame contains two fields; scan- 
ning lines 1 to 262.5 scan the display in the first field, 
and scanning lines 262.5 to 525 scan the display in the 
second field to fill the gaps which are left unscanned 
in the first field. This scanning mode is called an 
"interlace scan." 

The time period in which one scanning line scans the 
display is called a "horizontal scanning period" and is 
about 63.5 jis. Within the horizontal scanning period, 
the time period that display operation is actually 
performed is called the "valid display period". The 
other period is called the "horizontal retrace period". 

There are two modes for displaying a TV screen image 
on an LCD panel. In the first mode, each scanning line 
in the two fields is assigned to one line of the LCD 
panel; thus, each of the 240 lines of the panel aredriven 
by the positive signal in the first field and by the 
negative signal in the second field. Here, 30-Hz alter- 
nating frequency is available, but the number of ver- 
tical pixels is limited to 240. 

(Single-rate sequential drive mode) 

In the second mode, every other line of the LCD panel 
can be driven by the first field and the remaining lines 



can be driven likewise by the second field. In this case, 
if one pixel of the LCD panel is considered, it is recog- 
nized that the pixel is driven by signals with opposite 
polarity every frame. This lowers the alternating fre- 
quency to 15 MHz, which is only half of the frame 
frequency. Driving LCD elements with signals of such 
low alternating frequency causes flickering and de- 
grades display quality. To raise the alternating fre- 
quency to 30 MHz, a method can be employed in 
which LCD elements are driven once every field in- 
stead of once every frame. 

Specifically, in the first field, the first and second lines 
of the LCD panel are driven respectively during the 
first half and second half of the complete horizontal 
scanning period. The same rule is repeated for the 
following lines. In the second field, on the other hand, 
the combination of two lines is different. The first line 
is driven during the second half of the horizontal 
scanning period, and then the second and third lines 
are driven respectively during the first and second 
half of the following horizontal scanning period. The 
same rule is repeated for the following lines. 

Employing this method enables the implementation 
of 480 vertical pixels. 

(Double-rate sequential drive mode) 



23 
24 
25 



262 



Scanning line No. 
in the 1st field 



285 
286 
287 

! 

523 
524 



Scanning line No. 
in the 2nd field 



Figure 24 Example of NTSC System TV Signals Scanning 
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23 A- 

24 D- 

25 A- 



260 D- 

261 A- 

262 D" 



Scanning line No. 
in the 1 st field 



238th line 



239th line 



-D 286 
-A 287 
-D 288 



-A 523 
-D 524 
-A 525 



Scanning line No. 
in the 2nd field 



Figure 25 Middle-Resolution Display by Single-Rate Sequential Drive Mode 



2nd line 
3rd line 



Scanning line No. 
in the 1 st field 



Scanning line No. 
in the 2nd field 



Figure 26 High-Resolution Display by Double-Rate Sequential Drive Mode 
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Absolute Maximum Ratings 



Item 


Symbol 


Ratings 


Unit Remarks Note 


Power supply for 


v cc 


-0.3 to +7.0 


V 


logic unit 








Power supply for 


V BB 


v cc- 23toV cc +a3 


V 


analog unit 








Input voltage for 


V TC 


-0.3 to V cc + 0.3 


V 3 


logic unit 








Input voltage for 


V TB 


V BB -0.3toV cc+ 0.3 


V 4 


analog unit 








operating 


T 

opr 


_Ofi +n i 7c: 
— c.\J IU + 1 O 


° c. 


temperature 








Storage 


"*stg 


-20 to +85 


°C 


temperature 








LCD level voltage 


V LCD 


V BB t0V CC +0 - 3 


V 



Notes: 1. Value referred to GND = V. 

2. IfLSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristics limits is strongly recommended for normal operation. Use beyond 
these conditions will cause malfunction and poor reliability. 

3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHU D/S, L/F, MSF1, MSF2, TEST1, 
TEST2, Vbo, VbsH, and VbsB. 

4. Applies to pins Vxl, Vx2 r Vx3, Vyl, Vy2, and Vy3. 
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Electrical Characteristics 



> 

3 



DC Characteristics (V LCD = v cc 


= 5 V ±10%, GND = 


n v v -V - 

u v ' V CC BB~ 


ID \\J JZXJ V p Id 


— — Z\J \\j -r/ D \~,) 






It Am 

item 


Symbol 


A Air* 

Min 


Typ 


Max 


Unit 


Test Conditions 




Notes 


Input high-level voltage 


V .H 


0-7 Vcc 




^cc 


V 






3 


Input low-level voltage 


V IL 


GND 




03V CC 


V 








i/uipui niyn-ievei voiicige 


V OH 


v cc 4 






V 


-l OH = 0.3 mA 

On 




4 


Output low-level voltage 


V 




— 


0.4 


V 


l QL = 0.3 mA 






InrM it laoUona /»i irranf /'I \ 

input leaixago current \ i ) 


1 

'in 


— I u 




+10 


MA 


v.-ov.v^ 




1 




i 

112 


—10 




+10 


MA 


V = V V 

I BB' CC 




2 


Output current (1) 


'out 






-150 


uA 


V cc- V bb = 20V Dk = V, n -0.5V 


OE = V CC 


5 








— 


-10 


MA 


Apply V |n toVx andVy. 
V ln = (V cc -V BB )/2 


OE =GND 




Output current (2) 




+150 






uA 


V bo = V cc- 3V DK = V, n+ 0.5V 


OE = V cc 








+10 


— 




uA 


bsH CC 

V «- V cc- 3V 


OE =GND 




Current consumption 


1 

•gnd 






3.0 


mA 


f k = 2.5 MHz, V ho =V„-3V 

CK DO CA/ 




6 




>BB 




15 


30 


mA 


V bsH = V CC- 3V ' V bsB = V CC- 3V 

OE = 33 kHz, 
FD = 30 Hz 
OE duty = 7/32 






Bias voltage 


\ 


V cc-4.0 


V cc- 


-3.0 — 


V 


V = V = V 
v bo v bsH v bsB, 

C L = 100 pF, t DDR ^6.3 us 






Dynamic range 




V BB + 1.5 




V cc -3.5 V 


V CC- V BB = 20V ' 







o 
> 

o 



00 
CD 



on 



oo 
oo 
CO 



T =-10 to +60°C 
a 

-0.5 V < V „ < +0.5 V 
off 



5, 7,9 



V = V 
v bo v bsH 



V bsB = V CC- 3V 



a 

O) 
CO 

o 
o 




DC Characteristics (V T m = v rr = 5 v ±10%, gnd = o v, v rr - v RB = 16 to 20 v, Ta = -20 to +75 °o (Cont.) 



Item 


Symbol 


Min Typ 


Max 


Unit 


Test Conditions 


Notes 


Offset voltage 


Oil 


-5-180 — 


-5 + 180 


mV 


V CC- V BB = 20V 


V |n =-11V 5,8,9 










T a = -10to + 60°C 






v 

¥ off(H) 


+55-180 — 


+55 + 180 


mV 


f ck = 2.5MHz 


v in = -iv 










V = V = V 
v bo bsH y bsB 

= V CC" 3V 





Notes: 1 . Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHU D/S, L/F, MSF1, MSF2, TEST1, TEST2, V^, V^, and V^g. 

2. Applies to pins Vxl, Vx2, Vx3, Vyl, Vy2, and Vy3. 

3. Applies to pins HCK1, HCK2, HCK3, DL, DR, FD, RS, OE, SHL, D/S, L/F, MSF1, MSF2, TEST1, and TEST2. 

4. Applies to pins DL and DR. 

5. Applies to pins Dl -D120. 

6. The shift register is constantly shifting one 1. 

^ Mode setting: L/F = V CC , D/S = V CC ,MSF1 = GND, MSF2 = V CC 

I (The other input pins must be V cc or GND level .) 

7. The operations are the same as those when offset voltage is measured . 

8. Definition of "offset voltage" is shown figure 27. 

9. These characteristics are defined within the temperature which is shown in the test condition. 
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AC Characteristics (V LCD = v cc = 


5 V ± 10%, GND 


= ov,v cc -v B 


ID = 16 to 20 V, T = -20 to +75°C) 
id a 


Item 


Symbol 


Min 


Max 


Unit Test Condition Notes 


Three-phase clock period 


*CKCK 


210 


1000 


ns 


pulse width 


t 

l CWH 


100 




ns 


Interval between three-phase 


«H 


30 




ns 1 


clock falling edge and rising 
edqe 


\z 
*fr3 








Interval between three-phase 


l rf 


20 


— 


ns 2 


clock rising edge and falling 
edqe 










f^\r\r*\s rSco anH fall timoe 
V/IOUIx ilbe dllU loll III 1 loo 


t 

l ct 




30 


ns 


L/l_, Lst \ llipui ooiup mile 


t 


50 




ns 


DL, DR input hold time 




20 




ns 


DL, DR output delay time 




— 


90 


ns C L «15pF 


DL, DR output hold time 


Wo 


5 




ns 


OE input period 


^YCO 


30 


80 




OE input high-level pulse 
width 


x o\nh 


3 


15 


US 


OE rise and fall times 


l or 
'of 





30 


ns 


FD input setup time 


Vs 


100 




ns 


FD input hold time 


Vh 


100 




ns 



Note: 1 . Necessary for preventing the three-phase shift register from racing. 

2. t rf must satisfy the DR and DL input hold time (t^j) of the next horizontal driver. 

(t rf + t HLO > W 
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Figure 27 Of f set Voltage 




Figure 28 Three-Phase Clock Timing 
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Figure 29 Input and Output Timing 



J 



0.7V CC ■ 
0.3V C < 



V 



FD 



m 



)-7V c< 
3.3V C( 



•90%(Vin=V cc -3.5V) 



•10%(Vin=V BB +1.5V) 



/ V 



Figure 30 OE, FD Input Timing, Driver Output Timing 
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HD6631 OT 

(TFT-Type LCD Driver for VDT) 



Description 

The HD66310T is a drain bus driver for TFT-type 
(thin film transistor) LCDs. It receives 3 -bit digital 
data for one dot, selects a level from eight voltage 
levels, and outputs the level to an LCD. 

The HD66310T can drive an LCD panel with an 
RGBW filter to display a maximum of 4096 
colors. 



Features 

• Full color display: a maximum of 4096 colors 
RGB color filter: 512 colors, 8 gray scales 
RGBW color filter: 4096 colors, 8 gray scales 



• High-speed operation 

Number of input data bits: 3 bits x 4 
Maximum operation clock frequency: 

— 12MHz(HD66310T**12) 

— 15MHz(HD66310T**15) 
Maximum pixels: 480 x 640 dots 

• 160 internal driver circuits 

• Bidirectional shift 

• Internal chip enable signal generator 

• Stand-by function 

• LCD driving voltage: 15 V to 23 V 

• CMOS process 

• Package: 203-pin TCP 

Available in TCP packaging only. 
Recommended for high volume applications only. 



Difference between HD66310T**12 and HD66310T**15 




Item HD66310T**12 


HD66310TM5 


Maximum operating clock frequency 12 MHz 


15 MHz 


Power supply for logic unit 5V±10% 


5 V±5% 


Operating temperature -20 to +75°C 


-20 to +65°C 
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Pin Arrangement 



Y2 Y4 Y6 Y8 
Y1 Y3 Y5 Y7 




Y154Y156 Y158Y160 
Y153 Y155Y157Y159 

~~mr" 




(Top view) 



Note: This does not apply to TCP dimensions. 



1 VOL 


22 DMY1 


2 V1L 


23 D20 


3 V2L 


24 D21 


4 V3L 


25 D22 


5 V4L 


26 D23 


6 V5L 


27 DMY2 


7 V6L 


28 CL1 


8 V7L 


29 CL2 


9 Vcci 


30 BS 


10 Vcc2 


31 SHL 


11 EI01 


32 EI02 


12 RVS 


33 TEST 


13 DOO 


34 GND 


14 D01 


35 V EE 


15 D02 


36 V7R 


16 003 


37 V6R 


17 DMYO 


38 V5R 


18 D10 


39 V4R 


19 D11 


40 V3R 


20 D12 


41 V2R 


21 D13 


42 V1R 




43 VOR 



Pin Description 
Pin List 



Pin Name 


Number of Pins 


Input/Output 


Functions (Refer to) 


V C c1.V cc 2 


2 


Power supply 


1. 


GND 




Power supply 




Vee 




Power supply 




V0L-V7L, 
V0R-V7R 


16 


Power supply 


2. 


CL1 




input 


3. 


CL2 




Input 


4. 


DOO, D10. D20, 
to 

D03, D13, D23 


12 


Input 


5. 


RVS 




Input 


6. 


SHL 




Input 


7. 


EI01.EI02 


2 


Input/output 


8. 


TEST, BS 


2 


Input 


9. 


Y1-Y160 


160 


Output 


10. 


DMY0-DMY2 


3 




11. 
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Pin Functions 

1. Vccl> V C c2, GND, V EE : These pins are used 
for the power supply. 

Vcc-GND: Power supply of low voltage 
V<x-Vee : Power supply of high voltage 

2. V0L-V7L, V0R-V7R: 8-level LCD driving 
voltage is applied to these pins. One of the eight 
levels is selected according to the value of the 3-bit 
input display data. The L and R pins of the same 



voltage level are connected in the driver. 

3. CL1: Inputs clock pulses, which determine the 
output timing of the LCD driving voltage. The 
output changes at the CL1 rising edge. 

4. CL2: Inputs clock pulses, which determine the 
input timing of display data. The driver samples 
data at the CL2 falling edge. 



Table 1 


Voltage Level Selection According to Display Data Value 






Display Data 






Voltage Level 


D2j 


D1J 


DOj 


RVS = 1 


RVSsO 











vo 


V7 








1 


V1 


V6 





1 





V2 


V5 





1 


1 


V3 


V4 


1 








V4 


V3 


1 





1 


V5 


V2 


1 


1 





V6 


V1 



111 V7 VO 



Vcc 










GND 


J- _ 


+ 


Vee 


T" 







Figure 1 Power Supply for the Device 
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5. D00-D03, D10-D13, D20-D23: Input display 
data. See table 1 for the voltage level selection by 
the display data. 

6. RVS: Determines if logical I/O display data is 
reversed. Display data is reversed when RVS is 
low. 



or output When the chip enable input signal is 
low, data input starts. When display data corre- 
sponding to 160 outputs are input, the chip enable 
output signal changes from high to low. 

9. TEST, BS: Used for test purposes only. 
Connect to a low level for normal operation. 



7. SHL: Selects the shift direction of display data. 10. Y1-Y160: Output LCD driving signals. 



8. EIOl, EI02: Inputs/outputs chip enable sig- 
nals. The SHL signal selects which pin is for input 



11. DMY0-DMY2: Reserved pins that should be 
left open. 



Table 2 Input/Output Selection for EIOl and 
EI02 



SHL 


EI01 


EI02 


GND 


Input 


Output 


Vcc 


Output 


Input 



SHL 


Output Direction 


















d03,d13, d23 


Y1 








A 

1st ) 


d02,d12, d22 


Y2 




i-0-2 




d01.d11.d21 


Y3 






DiO 






—y 


dOO.dIO, d20 


Y4 


GND 




Di1 
Di2 






s 








Di3 






'a 

Last) 


d03,d13. d23 


Y157 




■ 


(12 bits] 






d02,d12,d22 


Y158 








d01.d11.d21 


Y159 






/ 


dOO.dIO, d20 


Y160 




























dOO.dIO, d20 


Y1 








— \ 

Last) 

—y 


d01.d11.d21 


Y2 




UO-2 




d02. d12, d22 


Y3 






DiO 






d03,d13, d23 


Y4 


V CC 




DM 
Di2 






$ 








Di3 






^\ 

1st > 


d00, d10, d20 


Y157 






(12 bits] 






d01,d11,d21 


Y158 








d02,d12,d22 


Y159 






/ 


d03, d13, d23 


Y160 













Figure 2 Display Data and Output Direction 
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Internal Block Diagram 



VOL, V1L 
V2L, V3L _ 
V4L, V5L - 
V6L, V7L 

Vcc1,V cc 2- 

GND 

Vee 



Y1 Y2Y3Y4Y5 

ttttt 



Y156 Y158 Y160 
Y157 Y159 



mil 



' Test circuit 



TEST- 
RVS- 
CL1 - 
BS . 



Data reverse 
circuit 



DOO, D10, D20 
D01.D11.D21 

D02, D12, D22 fl 

D03, D13, D23 

SHL 

CL2 

EI01 
EI02 




/L- VOR, V1R 



V2R, V3R 
V4R, V5R 
V6R, V7R 



Latch circuit (1) 



Latch address selector 



□ 



I/O control 
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Block Functions 

Latch Address Selector: Contains a 6-bit up/ 
down counter and a decoder, and sends the latch 
signals to latch circuit (1) at the CL2 falling edge. 

Data Reverse Circuit: Reverses the input display 
data when RVS = 0, and does not reverse data 
when RVS = 1. 

Latch Circuit (1): Consists of three planes of 
160-bit latch circuit. Each bit of 3-bit data is sepa- 
rately latched in its corresponding plane depending 
on its significance. Each plane is divided into 
forty 4-bit blocks, and all four bits are latched into 
the block at once, as specified by the latch signal 
from the address selector. In total, the 3-plane cir- 
cuit latches 12 bits of data at one time. 



Latch Circuit (2): Consists of three planes of 
160-bit latch circuit, which latches the data from 
latch circuit (1) at the timing determined by CL1, 
and holds the data for one line scanning period. 

Level Shifter: Raises the driving voltage of 5 V 
to the appropriate LCD driving voltage. 

LCD Driving Circuit: Outputs an 8-level LCD 
driving voltage. This circuit receives 3-bit data for 
one dot from latch circuit (2) and selects one level 
from eight voltage levels. 

Test Circuit: Generates test signals. 
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System Configuration 

A block configuration of the TFT-type color dis- 
play system using the HD66310 is shown in figure 
3. 

The HD66310 receives 3-bit data for one pixel and 
selects one of the eight LCD driving voltage levels 
to send to the LCD. The LCD driving output 



circuit, which is produced by the CMOS structure, 
can use any LCD driving voltage level from Vec 
to V EE . When the LCD panel uses an RGB color 
filter (the Triad arrangement), 512 (8 3 ) colors can 
be displayed. When using an RGBW color filter 
(the Quad arrangement), 4096 (8 4 ) colors can be 
displayed. 



CPU 



Controller 



Control signal 



Display data 



yl2 



Line synchronization signal, data sampling signal, 
3 alternating signal 



3 hits x 4 pixels 



x Frame synchronization signal, 
line synchronization signal 



HD61105 
No. 1 



HD61105 
No. 6 



80 



LCD driving 
power source 



VO-V7 



HD66310 
No. 1 



HD66310 
No. 2 



HD66310 
No. 6 



TFT-type color LCD panel 
Triad arrangement 
51 2 colors 
640 x 480 pixels 



HD66310 
No. 7 



HD66310 
No. 8 



12 



HD66310 
No. 12 



Figure 3 TFT-iype Multiple Color Display System 
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Internal Operation 



8-Level Output 

The HD66310 internal circuit unit for one data out- 
put is shown in figure 4. The circuit receives 3-bit 
data (DOj, Dlj, D2j) and selects one of eight volt- 
age levels (V0-V7) to output to the LCD. 

The transfer gates of the output circuit are pro- 
duced by the CMOS structure. Therefore, any 
voltage level between V cc to Vee can be applied 
to lines VO to V7. 

The HD66310 has 160 of the above circuits. 
Operation Timing 

The HD66310 operation timing is shown in figure 
5. 

When the SHL signal is at the GND level, data 
input is started by a low EIOl (data input enable) 



signal. At the CL2 falling edge, 12 bits of data, 
which are for four outputs (3 bits for gray scales x 
4 outputs), are input together. When the data input 
corresponding to 160 outputs are completed, the 
HD66310 automatically enters the stand-by mode, 
and the EI02 signal changes to low. 

The LCD driving output changes at the CL1 rising 
edge. The voltage level selected by data dl is out- 
put from pin Yl, and the level selected by dl60 is 
output from Y160. See table 1 for the voltage 
level selection by the input data. 

When the SHL signal is at the V cc level, data 
input is started by a low EI02 signal. When the 
data input for 160 outputs are completed, the EIO l 
signal changes to low. The voltage level selected 
by data dl is output from pin Y160, and the level 
selected by dl60 is output from Yl. 



Yn 



1 



P: P-MOS 
N: N-MOS 



V7_ 



V6. 



V5. 



V4. 



V3. 



V2. 



VI. 



V0- 



|n p[n p]h p[n pJn pJn p[n p|n 

i a a a a a a a 



jj.jjja.jj 



CL1- 



Voltage level selector 



CL2- 



Latch circuit (2) 

t t 



Latch circuit (1) 



RVS- 



Display data Display data Display data 
(DOj) (D1j) (D2j) 



Figure 4 LCD Driving Circuit 
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CL1 






Ji 


cl2 _njTJ~i_riJ~L___ 

1 2 3 4 5 


-JXnJTJlTL 

36 37 38 39 40 




DOO 




)frl 44Xd148Xd15^(d1 5^(d1 6p)( 




to 








D03 

(Lower bit) 


d1 Y d5 Y d9 Yd13V~ 


$141$1^^ 


— — 


DOO 


ddY d8 Yd1?Yd1fiY 






y tO 








D13 


■ — -\/ v/ \r~ — \/-—~ — — — 

_^DGD®®C ___ 


_/\. A A: A_A A 




D20 


3GD@®C III 


Vd1*IMd148^^ 

IT A A 7\ A TV 


r— 


to 








D23 

(Upper bit) 




^141^145^14^15^15^ 


r— — 
u— _ 


SHL = GND 








EiOl ' | 
















EI02 




| 




Y1 








to 


Y160 






Xd160 


SHL = Vcc 








EI02 


l 














EI01 




L 




Y1 






Ydieo" 


to 


Y160 











Figure 5 Basic Operation Timing Chart 
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Cascade Connection 

When the SHL signal is at the GND level, the 
HD66310 begins to input data when the EIOl sig- 
nal goes low. When the data input is completed, 
the EI02 signal changes to low. By connecting the 
EI02 pin of the first HD66310 to the EIOl pin of 
the next HD66310, the low EI02 signal activates 



the next HD66310. Figure 6 shows a connection 
example. 

When the SHL signal is at the V cc level, the EI02 
pin of the first HD66310 is connected to GND, and 
the EIOl pin is connected to the next HD66310 
EI02 pin. 



DATA 
CL2 



12 



> 2 — ' 






























SHL 

Driver 1 
EIOl EI02 


I 


SHL 

Driver 2 
EIOl EI02 


I 


SHL 

Driver 3 
EIOl EI02 





77T 



EIOl V 



cl2 ji_n_rLTLn 

EI02 



JTrLTUTJI 



Driver 2 input enabled 



Driver 2 
signals 



Figure 6 Chip Enable Operation (SHL = GND) 
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LCD Driving Power Supply Circuitry 

Multiple-Level Driving Voltage Method 

AC voltage must be applied to the LCD, since DC 
voltage deteriorates the LCD. To display eight 
gray scales, 16 voltage levels, shown in figure 7, 
must be applied. 

Although the HD66310 has eight LCD driving 
voltage input levels, it can output 16 driving volt- 
age levels using the level selector shown in figure 
8, since the transfer gates of the output circuit are 
produced by the CMOS structure. 

External Power Supply Circuitry 

Figures 8 and 9 show the external power supply 
circuit when displaying 512 colors in the Triad 



arrangement, and figure 10 shows the circuit for 
displaying 64 colors in the Triad arrangement. 
Table 3 shows the specifications of the LCD panel 
and the HD66310 pins for each power supply cir- 
cuit. 

The circuit shown in figure 8 is the basic one used 
when displaying 512 colors in the Triad arrange- 
ment However, the HD66310 can dispense with 
the leve l sele ctor, as shown in figure 9, using the 
internal RVS (output reverse) pin. See table 1 for 
detailed RVS functions. 

When dis playin g 64 colors in the Triad arrange- 
ment, the RVS pin functions as the alternating sig- 
nal input pin, as shown in figure 10. 




V9 

V10 

V11 

V12 
V13 
V14 
V15 
V16 
" V EE 



904 



Figure 7 HD66310 Output Waveform 
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Table 3 


Color Display and Pin Specifications 








Output 






Display Data 






Power Supply 


Level 


Panel Spec. 


Dl2 


DI1 


DIO 


rvs pin 


(Refer to) 


8x2 


Quad: 4096 colors 


1/0 


1/0 


1/0 


1 


Fig. 8 




Triad: 512 colors 


(upper bit) 




/l/MAIAr l"\it\ 

Ull) 




8x2 


Quad: 4096 colors 


1/0 


1/0 


1/0 


Alternating 


Fig. 9 


(AC) 


Triad: 512 colors 


(upper bit) 




(lower bit) 


signal 




4x2 


Quad: 256 colors 


1 


1/0 


1/0 


Alternating 


Fig. 10 


(AC) 


Triad: 64 colors 




(upper bit) 


(lower bit) 


signal 





1 • Vqc level voltage 
0: GND level voltage 



Alternating 




VeeO 1 



Figure 8 External Power Supply Example 1 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 905 



HD66310T 



Alternating 
signal - — « * 




VeeQ 



Figure 9 External Power Supply Example 2 



Alternating 
signal 



Vcc 



Vcc O 




B> 



VeeO 



V7 




V6 


RVS 


V5 






Di2 


V4 






Di1 


V3 






DiO 


V2 




V1 




VO 





•I/O 
-I/O 



Figure 10 External Power Supply Example 3 
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Design for Timing 

When using the RVS pins to simplify the power 
source, as shown in figures 9 and 10, it is recom- 
mended to add a vertical retrace period, (a scan- 
ning period in which no scan electrode is selected) 
at the end of a frame scanning period, as shown in 
figure 12, for the following two reasons. 

• As shown in figure 4, the data reverse circuit is 
before the latch circuit (1). The LCD driving 
output is reversed one CL1 period after a 
transition of the RVS signal, as shown in figure 



11. However, the power supply lines immedi- 
ately reverses polarity after a transition of the 
RVS signal, as shown in figures 9 and 10. 
Therefore, the HD66310 outputs invalid data 
during the last CL1 of a frame period. 

• In the power supply circuits shown in figures 9 
and 10, volta ge te mporarily becomes unstable 
just after the RVS transition, causing the LCD 
display to become jumbled. 



cli _TL_ 

RVS 



LCD output 



Figure 11 RVS and LCD Driving Signals Timing 



Frame synchronization signal _J 



. One frame period - 



Vertical 

Line synchronization signal (CL1) |~ | Line 1 [ ~1 | | Line 480 | 1 retrace period [ ~| 

Alternating signal s A 1 



Scanning electrodes 
(HD61105) 



HD66310T Y1-Y160 










J V, 














Invalid data 



Figure 12 Vertical Retrace Period 
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o 
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-u 
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o 

CO 




1 . An operational amplifier should be installed on each level of the power supply Una (V0-V7) to lower the impedance. 

2. Condensers should be installed near the ICs to stabilize the power supply voltage. 

Two 0.1 -pF condensers are recommended to be installed on one IC: one between and GNO, and one between V^. and V K . 

3. This system uses 12 HD66310T chips and 12 HD61 105 chps. 



X § 



I 



Figure 13 Application System Connection Example 



Frame synchronization r-i 
signal — I L 

Line synchronization 
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Alternating signal 
X1 

Scanning YO 
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X3 
X480 



HD66310TY1-Y160 



Line synchronization r— . 
signal J L 



- One frame period - 



rn Line 1 f~L 



Line 2 



, , , , Vertical 

I I Line 480 | | retrace period | 




n 



□atafetch ^nai juuuinnnjifuijuinrifuuuuuifi — juinnnnji_juuui 

D00 llllllll Illlllll - llllllll I HI 

doi ii ii ii mini min i r — iii.mii mi 



Display data 

12 bit 



J 

D23 1 m in in i m m hit 



mum NTT 



a 

0> 
0> 
CO 
t-» 

o 
•-3 



Figure 14 Timing Chart 
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Absolute Maximum Ratings 








Item 


Symbol 


Ratings 


Unit 


Notes 


Power supply for 
logic unit 


Vcc 


-0.3 to +7.0 


V 


2 


Power supply for 
LCD driving unit 


v EE 


V cc -25 to V cc + 0.3 


V 




Input voltage (1 ) 


Vti 


-0 3 to Vrsr> + 03 


V 


2, 3 


Input voltage (2) 


V T2 


V EE - 0.3 to V CC + 0.3 


V 




Operating temperature 


T"opr 


-20 to +75(HD66310T**12) 
-20 to +65 (HD66310T**15) 


°c 




Storage temperature 


T 8t g 


-40 to +125 


°c 





Notes: 1 . Exceeding the absolute maximum ratings could result in permanent damage to the LSI. The 
recommended operating conditions are within the electrical characteristic limits listed on the 
following pages. Exceeding these limits may cause malfunctions and affect reliability. 

2. Values are in reference to GND - V. 

3. Applies to input pins SHL, CL1 , CL2, BS, RVS, TEST, and D00-D23. Also applies to input/ 
output pins EI01 and EI02 when these pins function as input pins. 



HITACHI 

91 Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (41 5) 589-8300 



HD66310T 



Electrical Characteristics 



DC Characteristics 

(V cc = +5 V ±10%, GND = V, V cc - V EE = 15 to 23 V, T a = -20 to +75°C in 12 MHz version) 





GND = 


ov,v cc -v EE = 


15 to 23 V, T a = -20 to +65°C in 15 MHz version) 




Item 


Symbol 


Min. 


TVp. Max. 


Unit 


Test Conditions 


Notes 


LCD driving power 
supply voltage 


Vcc- 


■V EE 




C.O 


w 
V 




1 


Input high-level 
voltage 


V, H 




0.8 X Vcc 


v cc 


V 




2 


Input low-level 
voltage 


V, L 




u 


0.^ X Vcc 


w 
V 




2 


Output high-level 
voltage 


VOH 




Vcc °- 4 




V 


1 ft A m A 

'oh mA 


3 


Output low-level 
voltage 


Vol 






n A. 


w 
V 


_ O A rv^ A 
IQL " U.*r iTlM 


3 


Input leakage 
current (1 ) 


In 




_C ft 


, C ft 


ii A 


V IN " V CC IO 


4 


Input leakage 
current (2) 






—10 


4.10 


uA 


V IN V CC lu vaMi/ 


5 


Input leakage 
current (3) 


b 




-1 00 


+100 


uA 


Vim » V/-,~ tO Vcc 


6 


LCD driver on 
resistance 


RON 






2.5 


kn 


VcC-V E E»20V 


7 


Current 

consumption (1 ) 


-Ipi 






25 
30 


mA 
mA 


Data fetch 12 MHz 
Data fetch 15 MHz 


8, 10 


Current 

consumption (2) 


-lp 2 






2 

2.5 


mA 
mA 


Stand-by 12 MHz 
Stand-by 15 MHz 


8, 10 


Current 

consumption (3) 


-Ip3 






3 

3.7 


mA 
mA 


12 MHz 
15 MHz 


9, 10 



Notes: 1 . Voltage between V C c and Vee- 

2. Applies to CL1 , CL2, SHL, Dij. RVS, EI01 (input), EI02 (input), TEST, and BS. 

3. Applies to EI01 (output) a nd EIQ 2 (output). 

4. Applies to CL1 , CL2, SHL, RVS, Dij, TEST, and BS. 

5. Applies to EI01 (input) and EI02 (input). 
Applies to VOL to V7L and V0R to V7R. 
Applies to Y1 toY160. 

Current between V C c and GND under the conditions of V jH « Vcc. v u_ - V, and no load on the 
output pins. 

Current between Vcc and Vee under the conditions of V !H « Vcc. v il = V, and no load on the 
output pins. 

10. f C L2 and fen are 15 MHz » 37 - 5 kHz respectively in 15 MHz version. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 91 1 



HD66310T 



AC Characteristics 

(V e c = +5 V ±10%, GND = V, T a = -20 to +75°C in 12 MHz version) 



(V CC = +5V±5%, 


GND = V, T a 


= -20 to +65°C in 15 MHz version) 






Item 


Symbol 


Min. Typ. 


Max. Unit 


Test Conditions 


Notes 


Clock period 


tcYC 


83 (66) 


ns 




1 


Clock high-level 
pulse width 


*CWH 


30 (23) 


ns 




1 


Clock low-level 
puise wiain 


tcWL 


30 (23) 


ns 




1 


Clock rise time 


*R 




10(10) ns 




2 


Clock fall time 


tF 




10(10) ns 




2 


Clock setup time 


*su 


100(100) 


ns 




2 


Clock hold time 


t H 


100(100) 


ns 




2 


Data setup time 


tosu 


C\J \ \\J) 


ns 




3 


uaia noia nme 




Ort /OCX 

oO {do) 


ns 




Q 
O 


Enable input 
setup time 


* 

MESU 


c\j \ \ \j) 


ns 




A 
4 


Enable output 
delay time 


tED 




53(46) ns 


See figure 1 6 
for test load 


4 


CL1 high-level 
pulse width 


*WH 


100 (100) 


ns 




5 


RVS setup time 


tRSU 


50 (50) 


ns 




6 


RVS hold time 




50 (50) 


ns 




6 



Data in ( ) is the characteristics in 15 MHz version. 



Notes: 1. Applies to CL2. 

2. Applies to CL1 and CL2. 

3. Applies to Dij and CL2. 

4. Applies to EI01 , EI02, and CL2. 

5. Applies to CL1 . 

6. Applies to RVS and CL2. 
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tR 



j£WH- 



CL2 



Dij 



*psg 



3C 



tcYC 



CL1 
CL2 

RVS 



LCD output 




« tRSU » 






c 1 






Enable output o.2 x Vqc^ t 



Enable input 



Figure 15 Timing Chart 




Figure 16 Test Load 
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Section Eight 



New Product 
Information 
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HD66110T- 
Column Driver 



Description 



Features 



The HD66110T, the column driver for a large 
liquid crystal display (LCD) panel, features as 
many as 160 LCD outputs powered by 160 
internal LCD drive circuits, and a high duty cycle. 
This device can interface to various LCD 
controllers by using an internal automatic chip 
enable signal generator. Its strip shape enables a 
slim tape carrier package (TCP). 



186-pin TCP 

CMOS fabrication process 
High voltage 

— LCD drive: 28 -40 V 
High speed 

— Maximum clock speed: 12 MHz 
4- and 8-bit data bus interface 
Display off function 

Standby function 

Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLESfE: HD66850 



Pin Arrangement 




CD l/WCOCMi-OOOOh-CO CO CM i- O 0> CO CO IT)"* CO CM t- 

oococooooococoN-h* h-rv. N.t^r-r>-h-h-cococococococococo 




Note: This is just an example of TCP; other TCP shapes are also possible. 
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Pin Description 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vrc 

L>0 


175 


Vrc 

L.L# 




Power supply 


GND 


186 


GND 




Power supply 


LOU 


164 


Vi 

" LOU 




Power supply 


V1 


166 


V1 


input 


Power supply 


V2 


162 


V2 


Input 


Power supply 


V3 


165 


V3 


Input 


Power supply 


V4 


163 


V4 


Input 


Power supply 


CL1 


179 


Clock 1 


Input 


Control signal 


CL2 


178 


Clock 2 


Input 


Control signal 


M 


180 


M 


Input 


Control signal 


D0-D7 


167-174 


Data 0-data 7 


Input 


Control signal 


SHL 


183 


Shift left 


Input 


Control signal 


El/01, El/02 


177, 176 


Enable 10 1, enable I0 2 


Input/output 


Control signal 


DISP 


181 


Display off 


Input 


Control signal 


BS 


184 


Bus select 


Input 


Control signal 


TEST1 , TEST2 


182, 185 


Test 1 , test 2 


Input 


Control signal 


Y1-Y16O 


1-160 


Yi"~Y 160 


Output 


LCD drive output 
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Pin Functions 
Power Supply 

V cc , Vl C p, GND: V cc - GND supplies power to 
the internal logic circuits. V LCD - GND supplies 
power to the LCD drive circuits. See figure 1. 

VI, V2, V3, V4: Supply different levels of power 
to drive the LCD. VI and V2 are selected levels, 
and V3 and V4 are non-selected levels. 

Control Signals 

CL1: Inputs display data latch pulses for latch 
circuit 2. Latch circuit 2 latches display data input 
from latch circuit 1, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for latch 
circuit 1. Latch circuit 1 latches display data input 
via D -D 7 at the falling edge of each CL2 pulse. 

M: Changes LCD drive outputs to AC. 

Dq-D 7 : Input display data. High-voltage level 
(Vcc level) of data corresponds to a selected level 
and turns an LCD pixel on, and low-voltage level 
(GND level) data corresponds to a non-selected 
level and turns an LCD pixel off. 



SHL: Shifts the destinations of display data 
output, an d deter mines which chip enable pin 
(EI/01 or EI/02) is an input and which is an 
output. See figure 2. 

!Mi,lF02: If SHL is GNDJeyeUH/Ol inputs 
the chip enable signal, and EI/02 outputs the 
signal. If SHL is Vcc level, E I/01 outputs the 
chip enable signal, and EI/02 inputs the signal. 
The chip enable input pin of the first HD66110T 
must be grounded, and those of the other 
HD66110Ts must be connected to the chip enable 
output pin of the previous HD66110T. The chip 
enable output pin of the last HD66110T must be 
open. 



DISP: A low DISP sets LCD drive outputs 
Y x -Y m to V2 level. 

BS: Selects either the 4-bit or 8-bit display data 
bus interface. If BS is Vcc level, the 8-bit bus is 
selected, and if BS is GND level, the 4-bit bus is 
selected. In 4-bit bus mode, data is latched via 
D0-D3; D4-D7 must be grounded. 

TEST1, TEST2: Used to test the LSI, and must 
be connected to V C c level. 

LCD Drive Output 

Y 1 ~Y 16 o: Each Y outputs one of the four voltage 
levels VI, V2, V3, or V4, depending on a 
combination of the M signal and display data 
levels. See figure 3. 



VLCD 




Figure 1 Power Supply for Logic and LCD Drive Circuits 
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SHL 


= GND, BS = GNC 






























Y1 


Y2 


Y3 


Y4 


Y5 


Y6 


Y7 


Y8 


Y153 Y155 Y157 Y159 

Y154 Y156 Y158 Y160 




D3 


D2 


D1 


DO 


D3 


D2 


D1 


DO 




D3 


D2 


D1 


DO 


D3 


D2 


D1 


DO 




\ 






/ 
















\ 






/ 






1 st data 










EI/02: chip enable output 








Last data 








SHL 


= Vcc, BS 


= GNC 






























Y1 


Y2 


Y3 


Y4 


Y5 


Y6 


Y7 


Y8 


Y153 Y155 Y157 Y159 

Y154 Y156 Y158 Y160 




DO 


D1 


D2 


D3 


DO 


D1 


D2 


D3 




DO 


D1 


D2 


D3 


DO 


D1 


D2 


D3 




\ 






/ 


















\ 






/ 




Last data 










iLi/ui : cnip enaDie input 
EI/02: chip enable output 








1st data 






SHL 


= GND, BS = Vcc 






























Y1 


Y2 


Y3 


Y4 


Y5 


Y6 


Y7 


Y8 


Y153 Y155 Y157 Y159 

Y154 Y156 Y158 Y160 




D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




\ 














/ 


\ 














/ 










1 st data 






EI/Ol: chip enable output 




Last data 


























EI/02: chip enable input 


















SHL 


= Vcc, BS 


= Vcc 






























Y1 


Y2 


Y3 


Y4 


Y5 


Y6 


Y7 


Y8 


Y153 Y155 Y157 Y159 

Y154 Y156 Y158 Y160 




DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 




DO 


D1 


D2 


D3 


D4 


D5 


D6 


D7 




\ 














_/ v_ 














/ 










Last data 






EI/Ol: chip enable output 




1 st data 


























EI/02: chip enable input 



















Figure 2 Selection of Destinations of Display Data Output 
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M 

D 

Y output leve 



"i~i_o r 



1 

< — > 





1 

< > 





< — > 


< > 


V1 


V3 


V2 


V4 



Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 

The 160-bit LCD drive circuit generates four 
voltage levels VI, V2, V3, and V4, for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the latch circuit 2. 

Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 

Latch Circuit 2 

160-bit latch circuit 2 latches data input from latch 
circuit 1, and outputs the latched data to the level 
shifter, both at the falling edge of each clock 1 
(CL1) pulse. 



Latch Circuit 1 

160-bit latch circuit 1 latches 4-bit or 8-bit parallel 
data input via the Dq to D7 pins at the timing 
generated by the shift register. 

Shift Register 

The 40-bit shift register generates and outputs data 
latch signals for latch circuit 1 at the falling edge 
of each clock 2 (CL2) pulse. 

Data Shifter 

The data shifter shifts the destinations of display 
data output, when necessary. 

Test Circuit 

The test circuit divides t he exter nal clock pu lses 
and generates test signals (TEST1 and TEST2). 



Block Diagram 



Y1-Y160 




~MSF~ 



Shift register 



Test circuit 



El/01 



El/02 



TEST1 
TEST2 
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Comparison of the HD66110T with the HD66107T 




Item 


HD66110T 


HD66107T 


Common LCD drive circuits 


Not provided 


160 


Column LCD drive circuits 


160 


1 fin nr ftn 


LCD drive voltage range 


28 to 40 V 


l*t IU *}/ V 


Speed 


12 MHz 


8 MHz 


Clock hold time (tnci_) definition 


From the falling edge of CL1 to 
the rising edge of CL2 (figure 1) 


From the falling edge of CL1 to 
the falling edge of CL2 (figure 1) 


Test pin level at normal operation 


Vcc 


GND 


Display off function 


Provided 


Not provided 



TCP shape Can be thin Cannot be thin 



CL1 
CL2 



CL1 



CL2 — f~\. 



HD66110T 



HD66107T 



Figure 4 t HCL Definitions of the HD66110T and HD66107T 
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Operation Timing 

4-Bit Bus Mode (BS = GND) 

Figure 5 shows 4-bit data la tch timing when SHL 
= GND, that is , the EI/01 pin is a chip enable 
input and EI/02 pin is a chip enable output When 
SH L = V C c» the EI/01 pin is a chip enable output 
and EI/02 pin is a chip enable input. 

When a low chip enable signal is input via the 
EI/01 pin, the HD66110T is first released from 
data standby state, and, at the falling edge of the 
following CL2 pulse, it is released entirely from 
standby state and starts latching data. 



It simultaneously latches 4 bits of data at the 
falling edge of each CL2 pulse. When it has 
latched 156 bits of data, it sets the EI/02 signal 
low. When it has latched 160 bits of data, it 
automatically stops and enters standby state, 
initiating the next HD661 10T, as long as its EI/02 
pin is connected to the EI/01 pin of the next 
HT{66U0T. 

The HD66110Ts output one line of data from the 
Y\-Y\60 pins at the falling edge of each CL1 
pulse. Data di is output from Y lt and d^o from 
Y 160 when SHL = GND, and dj is output from 
Y 160 , and from Yj when SHL = V cc . 
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HD66110T 



cl2 _ru~i_n_rL 

"12 3 



d o zm^mi ~~ JC% 



D3 
CL1 

EV02 

(No. ir 



(No. 2)" 

EV02 
(No. 3f 

EI/02 
(No. 4)" 



Y1-Y16C 



1 line 



jxtltltl — JTrurjvri 



39 



Note: SHL = GND 



HD66110T no. 1 
latches data 



40 



41 42 



159| 



HD66110T no. 2 
latches data 



HD66110T no. 3 
latches data 



160 



161 



HD66110T no. 4 
latches data 



Jl 



X 



Figure 5 4-Bit Data Latch Timing (SHL = GND) 
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8-Bit Bus Mode (BS = V cc ) 

Figure 6 shows 8-bit data la tch timing when SHL 
= GND, that is , the EI/01 pin is a chip enable 
input and £1/02 pin is a chip enable output 



When SH L = V C c> the EI/01 pin is a chip enable 
output and EI/02 pin is a chip enable input. 

The operation is the same as that in 4-bit bus mode 
except that 8 bits of data are latched 
simultaneously. 



D7 
CL1 

EI/02 
(No. 1) 

EI/02 
(No. 2) 

EI/02 
(No. 3) 

EI/02 
(No. 4) 

Y1-Y16C 



cl2 _nju~Ln_ ....... JTJi_n_n_ — _n_run_rui 

19j 20 21 22 ] 
! 

...... :xt)€£DCZ ....... ZXtUXZ 

i | 



1 line 



HD66110T no. 1 
latches data 



HD66110T no. 2 
latches data 



HD66110T no. 3 
latches data 



HD66110T no. 4 
latches data 



Note: SHL = GND 



Jl 



Figure 6 8-Bit Data Latch Timing (SHL = GND) 
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Application Example 





Notes: 1 . The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/20 bias, R1 and R2 must be 3 kQ and 48 kQ, respectively. That 
is, R1 /(4 • R1 + R2) should be 1 /20. 

2. To stabilize the power supply, place two 0.1 -u.F capacitors near each LCD driver: one 
between the Vcc and GND pins, and the other between the Vl C d and GND pins. 

3. The load must be less than 30 pF between the El/02 and El/01 connections of 
HD66110TS. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Note 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1.5 


Power supply voltage for LCD drive circuits 


Vlcd 


-0.3 to +42 


V 


1,2,5 


Input voltage 1 


Vti 


-0.3 to V cc + 0.3 


V 


1.3 


Input voltage 2 


V T2 


-0.3 to V LCD + 0.3 


V 


1,4 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


Tsta 


-40 to +125 


°c 





Notes: 1. The reference point is GND (0 V). 

2. Indicates the voltage between GND and V LCD . 

3. Applies to input pins for logic circuits, that is, control signal pins. 

4. Applies to input pins for LCD drive level voltages, that is, V1-V4 pins. 

5. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 

Electrical Characteristics 

DC Characteristics (V cc = 5 V ±10%, V LCD - GND = 28 to 40 V, and T a = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V,H 


1 


0.8 x V cc 


Vcc 


V 






Input low voltage 


V,L 


1 





0.2 x V cc 


V 






Output high voltage 


VOH 


2 


Vcc-0.4 




V 


I h - -0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


l 0L = 0.4 mA 




Vi-Yj on resistance 


R ON 


3 




3.0 


kQ 


•on = 1 50 hA 


1 


Input leakage current 1 


I|L1 


1 


-5.0 


5.0 


u-A 


Vin - V C c to GND 




Input leakage current 2 


l|L2 


4 


-100 


100 


uA 


V|n = V LCD to GND 




Current consumption 1 


Ice 






5.0 


mA 


f CL2 =12MHz 
f CL i = 28 kHz 


2 


Current consumption 2 


l|_CD 






3.0 


mA 


Same as above 


2 


Current consumption 3 


1st 






0.7 


mA 


Same as above 


2,3 



Pins and notes on next page. 
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Pins: 1 . CL1, CL2, M , SHL, BS, EI/OI , El/02, 
"mSF, TESTT,TEST2, D -D 7 

2. "ElTDT.n^ 

3. Y^Y^o, V1-V4 

4. V1-V4 

Notes: 1 . Indicates the resistance between one 
pin from Yi-Y 160 .and another pin from 
V1-V4 when load current is applied to 
the Y pin; defined under the following 
conditions. 

V L cD-GND = 40 V 

V1,V3-V lcd -{1/20(V L cd-GND)} 

V2, V4 . V LCD + {1/20(V LCD - GND)} 



VI and V3 should be near V(_ CD level, 
and V2 and V4 should be near GND 
level (figure 7). All voltage must be 
within AV. AV is the range within 
which RON, the LCD drive circuits' 
output impedance, is stable. Note that 
AV depends on power supply voltage 
V LCD -GND (figure 8). 

2. Input and output current is excluded. 
When a CMOS input is floating, 
excess current flows from the power 
supply through the input circuit. To 
avoid this, V iH and V IL must be held to 
Vcc an d GND levels, respectively. 

3. Applies to standby mode. 




Figure 7 Relation between Driver Output Waveform and Level Voltages 



AV(V) 



6.2 




Level voltage range 



28 40 
VLCD-GND (V) 



Figure 8 Relation between V LC d - GND and AV 
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AC Characteristics (V cc = 5 V ± 10%, V LCD - GND = 28 to 40 V, and T a = -20 to +75°C, unless 
otherwise noted.) 



Item 


vjlllUWI 


Pins 


Min. 


Max. 


Unit 


VylUVsrV v*yv*io III HO 


*CYC 


CLP 


83 




ns 


filnr»l< hinh-loi/al tA/irlth 1 
v/iuv*i\ i i i-iwoi wiuui i 


*CWH2 


CI P 


PO 




ne 
1 19 


vsiuvsis luW'iovei wiuui 


*CWL2 


ni p 


PO 




ne 

lid 


CMnnU hinh-lA\/ol ut/iHth P 

\J\\J\*%\ Ill^ll lOVOl WIUlll £ 


*CWH1 


CL1 


50 




ns 


L/iocrv setup lime 


T SCL 




1 uu 




ns 


Clock hold time 


tHCL 


CL1.CL2 


100 




ns 


Clock rise time 


tr 


CL1.CL2 




20 


ns 


Clock fall time 


tf 


CL1.CL2 




20 


ns 


Data setup time 


tos 


D -D 7 , CL2 


20 




ns 


Data hold time 




D -D 7 , CL2 


20 




ns 


M phase difference time 




M, CL1 




300 


ns 



Note: The load must be less than 30 pF between the El/02 and El/01 connections of HD661 1 0Ts. 
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tr 
}<-> 



tCWH2 

<- v - ■ > 



CL2 



D0-D7 



tDS 
K — >H 



XI 



tf 



tCWL2 



tCYC 



tDH 



i.8Vcc 
D.2Vcc 



X 



X 



1CWH1 



CL1 



CL2 



tSCL 
k; — v 



J\/X 



tHCL 
h< 



D.2Vcc 



M 



8Vcc 
.2Vcc 



0.2Vcc 



X 



< -> 



0.8Vcc 
0.2Vcc 



tCM 



Figure 9 LCD Controller Interface Timing 
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HD66204 — 

(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 



Description 

The HD66204F/HD66204FL/HD66204TF/HD 
66204TFL, the column driver for a large liquid 
crystal graphic display, features as many as 80 
LCD outputs powered by 80 internal LCD drive 
circuits. This device latches 4-bit parallel data 
sent from an LCD controller, and generates LCD 
drive signals. In standby mode provided by its 
internal standby function, only one drive circuit 
operates, lowering power dissipation. The 
HD66204 has a complete line-up: the HD66204F, 
a standard device powered by 5 V ± 10%; the 
HD66204FL, a 2.7-5.5 V, low power dissipation 
device suitable for battery-driven portable 
equipment such as "notebook" personal computers 
and palm-top personal computers; and the 
HD66204TF and HD66204TFL, thin package 
devices powered by 5 V ± 10% and 2.7-5.5 V, 
respectively. 



Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• High clock speed 

— 8 MHz max under 5-V operation 
(HD66204F/HD66204TF) 

— 4 MHz max under 3-V operation 
(HD66204FL/HD66204TFL) 

• Display off function 

• Internal automatic chip enable signal generator 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLME: HD66850 



Ordering Information 



Type No. 


Voltage Range 


Package 


HD66204F 


5V±10% 


FP-100 (flat package) 


HD66204TF 


5V±10% 


TFP-1 00 (thin flat package) 


HD66204FL 


2.7-5.5 V 


FP-100 (flat package) 


HD66204TFL 


2.7-5.5 V 


TFP-1 00 (thin flat package) 
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Pin Arrangement 



oojooNQW^cocjT-oooostoin^cocyir- 
lo ^ "tf- «t ^^^^cocococoncococow 
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nnnnnnnnnnnnnnnnnnnn 

00)ODN(OW^COWr-00)OON<Oin^COWT- 
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Y52[Z 
Y53CZ 
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HD66204 
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Pin Description 










Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vcc 


40 


Vcc 


__ 


Power supply 


GND 


38 


GND 




Power supply 


Vee 


35 


Vee 




Power supply 


V1 


32 


V1 


input 


Power supply 


V3 


33 


V3 


Input 


Power supply 


V4 


34 


V4 


Input 


Power supply 


CL1 


37 


Clock 1 


Input 


Control signal 


CL2 


49 


Clock 2 


Input 


Control signal 


M 


36 


M 


Input 


Control signal 


D -D 3 


48-45 


Data 0-data 3 


Input 


Control signal 


SHL 


41 


Shift left 


Input 


Control signal 


E 


31 


Enable 


Input 


Control signal 


CAR 


50 


Carry 


Output 


Control signal 


DISPOFF 


39 


Display off 


Input 


Control signal 


Y 1~ Y 80 


51-100, 1-30 


Y1-Y80 


Output 


LCD drive output 


NC 


42, 43, 44 


No connection 
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Pin Functions 
Power Supply 

V cc , V EE , GND: V C c-GND supplies power to 
the internal logic circuits. V(x-Vee supplies 
power to the LCD drive circuits. 

VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and V EE are selected levels, 
and V3 and V4 are non-selected levels. See figure 
1. 

Control Signal 

CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for the 4 -bit 
latch circuit. The 4-bit latch circuit latches display 
data input via D -D 3 at the falling edge of each 
CL2 pulse. 

M: Changes LCD drive outputs to AC. 



D(pD 3 : Input display data. High- voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 

SHL: Shifts the destinations of display data 
output. See figure 2. 

E: A low E enables the chip, and a high E disables 
the chip. 

CAR: Outputs the~E signal to the next HD66204 if 
HD66204s are connected in cascade. 



DISPOFF: A low DISP sets LCD drive outputs 
Y^Ygo to VI level. 

LCD Drive Output 

Yj-Ygo: Each Y outputs one of the four voltage 
levels VI, V3, V4, or V EE , depending on a 
combination of the M signal and display data 
levels. See figure 3. 

NC: Must be open. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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SHL = low 



SHL - higl- 
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Figure 2 Selection of Destinations of Display Data Output 
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Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 

Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit. 

4-Bit Latch Circuit 

The 4-bit latch circuit latches 4-bit parallel data 
input via the D to D3 pins at the timing generated 
by the control circuit. 

Line Data Latch Circuit 

The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 



Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 

LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 



Block Diagram 



Y1-Y8C 




SHL — 
CL2 — 
E — 
CAR <- 



Controller 
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Comparison of the HD66204 with the HD61104 




Item 




HD61104 


Clock speed 


8.0 MHz max. 


3.5 MHz max. 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


10-26 V 


Relation between SHL and 
LCD output destinations 


See figure 4 


See figure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


See figure 5 


LCD drive V pins 


V1, V3, V4 

(V2 level is the same as VEE level) 


V1.V2, V3, V4 
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CO Ttif) <o£- cqo> o 
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n r^h* i^h- i^r^ co 
> >-> >-> »- >- 



|C0|C\1|H<3|C0|<N|H<5" 
QQQQQQQQ 



1 c0|<NJ l T- i g) i C0|M | ^IOl 
QQQQQQQQ 



P | t-Ic>J1co|C>|^|<M1co 1 
QQQQQQQQ 



pjo 1 r>q ' 

^ 1st 2nd Last ^ Last 2nd 1st 



2nd 

SHL; 



P|t-|MIcOIC|t-|<NJ|co 
QQQQQQQQ 



high 



HD66204 



Note the exact reverse relation for the two devices. 



SHL = high 



HD61104 



Figure 4 Relation between SHL and LCD Output Destinations for the HD66204 and HD61104 



m r 



M. 



v 4 4I .VEE.V4 . V1 , V3 . 
Y output leve H — H« — H* — 4* — H 



HD66204 



v , * , .V1.V3.V2.V4, 
Y output leve H — ►H — — H« — H 



HD61104 



Figure 5 Relation between LCD Output Levels, M, and Data for the HD66204 and HD61104 
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Operation Timing 



CL2 



Da ! a0 IXDCX 



Data 3 

cLi _n 



ZXXDCZ ZXZXDCZ — ZXZX 



CAR 
(No. 1) 

CAR 
(No. 2) 

CAR 
(No. 3) 

CAi? 
(No. n) 



Y1-Y8C 



Line 



RJIlRl 

1 2 3 1 9 20 



_R_rtrL _JirtR 



HD66204 no. 1 latches dat 



21 



ZXZX 



HD66204 no. 2 
latches data 



HD66204 no. 3 
latches data 



HD66204 no. n 
latches data 
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Application Example 



tegfrto 
••0638 



LCD panel of 640c 240 dots; 
1/240 duly cycle 




CL2 
CL1 



>j8! 



Vco-*-T 



3 



riQNDl 




m ri R2 ri to A 



Notes: 



1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 kQ and 33 kQ, respectively. That 
is, R1/(4 • R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -jxF capacitors near each LCD driver: one 
between the V cc and GND pins, and the other between the V C c and V EE pins. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Note 


Power supply voltage for logic circuits 


Vcc 


-0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V C c -30.0 to V cc + 0.3 


V 




Input voltage 1 


V T 1 


-0.3 to V C c + °- 3 


V 


1,2 


Input voltage 2 


V T2 


V EE - 0.3 to V cc + °- 3 


V 


1,3 


Operating temperature 


T"opr 


-20 to +75 


°C 




Storage temperature 


T sta 


-55 to +125 


°C 




Notes: 1 . The reference point is GND (0 V). 



2. Applies to pins CL1 , CL2, M, SHL, E, D -D 3f DISPOFF. 

3. Applies to pins V1 , V3, and V4. 

4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 



Electrical Characteristics 

DC Characteristics for the HD66204F/HD66204TF (V cc = 5 V ± 10%, GND = V, V cc - V EE = 10 
to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V,H 


1 


0.7 x V cc 




V 


V 






Input low voltage 


V|L 


1 







0.3 x Vcc V 






Output high voltage 


VOH 


2 


V CC -0.4 






V 


'oh * -0.4 mA 




Output low voltage 


Vol 


2 






0.4 


V 


Iql - 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






4.0 


ka 


Ion - 100 uA 


1 


Input leakage current 1 


I|L1 


1 


-1.0 




1.0 


uA 


Vin - V C c to GND 




Input leakage current 2 


•lL2 


4 


-25 




25 


uA 


V|N = V cc to V EE 




Current consumption 1 


'gnd 








3.0 


mA 


f C L2 - 8.0 MHz 
f CLl - 20 kHz 
Vcc-V EE =:28V 


2 


Current consumption 2 


Iee 






150 


500 


uA 


Same as above 


2 


Current consumption 3 


1st 








200 


uA 


Same as above 


2,3 



Pins and notes on next page. 
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DC Characteristics for the HD66204FL/HD66204TFL (V cc = 2.7 to 5.5 V, GND = V, V CC - V E e = 
10 to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V| H 


1 


0.7 x V cc 


Vcc 


V 






Input low voltage 


V|L 


1 





0.3 x V cc V 






Output high voltage 


VqH 


2 


Vcc-0.4 




V 


'oh = ""0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


'ol ■ 0- 4 mA 




Vi-Yj on resistance 


R ON 


3 




4.0 


ktt 


Ion = 1 00 m-A 


1 


Input leakage current 1 


I|L1 


1 


-1.0 


1.0 


uA 


V, N «V cc toGND 




Input leakage current 2 


'll_2 


4 


-25 


25 


uA 


ViN- Vcc ^ V EE 




Current consumption 1 


'gnd 


— 


— 


1.0 


mA 


f C L2 ■ 4 -0 MHz 
'CL1 " ' ^HZ 
f M = 35 Hz 
V CC = 3.0 V 
Vcc-V E e = 28V 
Checker-board 
pattern 


2 


Current consumption 2 


Iee 






500 


uA 


Same as above 


2 


Current consumption 3 


1st 






50 


uA 


Same as above 


2,3 



Pins: 1 . CL1, CL2, M, SHL, E, D -D 3 , DISPOFF 



2. CAR 

3. Yv-Yqo, V1, V3, V4 

4. V1.V3.V4 

Notes: 1. Indicates the resistance between one pin from V^Yso and another pin from V1, V3, V4, and 
V EE , when load current is applied to the Y pin; defined under the following conditions. 

V CC -GND = 28V 

V1,V3 = Vcc-{2/10(V C c-V EE )} 

V4 = V EE + {2/10(V cc -V EE )} 

V1 and V3 should be near V cc level, and V4 should be near V EE level (figure 6). All voltage 
must be within AV. AV is the range within which Rqn. the LCD drive circuits' output 
impedance, is stable. Note that AV depends on power supply voltage V CC -V EE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vj H and V !L must be held to V C c 
and GND levels, respectively. 

3. Applies to standby mode. 
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A 


L 


V 






A 

vi r 





Figure 6 Relation between Driver Output Waveform and Level Voltages 




Level voltage rangi 



10 28 
Vcc-VEE (V) 



Figure 7 Relation between Vcc — Vee 

andAV 
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AC Characteristics for the HD66204F/HD66204TF (V cc = 5 V ± 10%, GND = V, and Ta = -20 to 
+75°C, unless otherwise noted.) 



item 


oymooi 


Dine 

rins 


Mm. 


Mav 

max. 


1 Inl* 

unii 


iMOie 


Clock cycle time 


iCYC 








ns 




L/iocK nign-ievel width i 


*CWH 


A| 1 p| O 


AC 




ns 




Clock low-level width 


tcWL 




AC 

45 




ns 




Clock setup time 


ted 


UL1, \jLd 


on 
oO 




ns 




OlocK hold time 


tlHCL 


pi A pi O 


OA 

ou 




ns 




Clock rise time 


*r 


r\i * pi o 




Note 1 


ns 


A 
1 


oiock tan time 


*f 


pi 4 P| O 




iNoie 1 


ns 


4 
1 


Data setup time 


*ds 


D -D 3> CL2 


20 




ns 




Data hold time 




D -D 3 , CL2 


20 




ns 




Enable (E) setup time 


%SU 


I, CL2 


30 




ns 




Carry (CAR) output delay time 


*CAR 


CAR, CL2 




80 


ns 


2 


M phase difference time 


*CM 


M, CL2 




300 


ns 




CL1 cycle time 


fen 


CL1 


tcYC x 50 




ns 




AC Characteristics for the HD66204FL/HD66204TFL (V cc 
to +75°C, unless otherwise noted.) 


= 2.7 to 5.5V, GND = V, and Ta 


= -20 


Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


IMOie 


Clock cycle time 


*CYC 


CL2 


250 




ns 




Clock high-level width 1 


feWH 


CL1, CL2 


95 




ns 




Clock low-level width 


feWL 


CL2 


95 




ns 




Clock setup time 


fed 


CL1.CL2 


80 




ns 




Clock hold time 


^CL 


CL1,CL2 


80 




ns 




Clock rise time 


tr 


CL1 , CL2 




Note 1 


1 




Clock fall time 


tf 


CL1,CL2 




Note 1 


1 




Data setup time 


*ds 


D -D 3> CL2 


50 




ns 




Data hold time 




D -D 3 , CL2 


50 




ns 




Enable (E) setup time 


*ESU 


I. CL2 


65 




ns 




Carry (CAR) output delay time 


*CAR 


CAR, CL2 




155 


ns 


2 


M phase difference time 


*CM 


M, CL2 




300 


ns 




CL1 cycle time 


I CL1 


CL1 


tcYC x 50 




ns 





Notes: 1 . t r , t f < (t C YC - tcwH - t CWL )/2 a nd V tf * 50 n s 
2. The load circuit shown in figure 8 is connected. 
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Test poinl o- 



30 pF 



Figure 8 Load Circuit 



CL2 



D0-D3 



CL1 



CL2 



CAR 



Xx 



tCWH 
k — > 



tf 



tCWL 
< > 




tCYC 



x 



tCWH 



tSCL 
k — > 



_0.3Vcc 



tCL1 



i.3Vcc 




tHCL | 



tCAR < ^ 

T 0.8VCC 



tCAR 



<-> 



0.2Vcc 



/ 



0.3Vcc 



< > 



M 



tCM 



tESU 



7Vcc 
3Vcc 



Figure 9 LCD Controller Interface Timing 
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HD66205 — — — 

(Dot Matrix Liquid Crystal Graphic Display 
Column Driver with 80-Channel Outputs) 



Description 

The HD66205F/HD66205FL/HD66205TF/HD 
66205TFL/HD66205T/HD66205TL, the row LCD 
driver, features low output impedance and as many 
as 80 LCD outputs powered by 80 internal LCD 
drive circuits, and can drive a large liquid crystal 
graphic display. Because this device is fabricated 
by the CMOS process, it is suitable for battery- 
driven portable equipment, which fully utilizes the 
low power dissipation of liquid crystal elements. 
The HD66205 has a complete line-up: the 
HD66205F, a standard device powered by 5 V ± 
10%; the HD66205FL, a 2.7-5.5 V, low power 
dissipation device; the HD66205TF and 
HD66205TFL, thin film package devices each 
powered by 5 V ± 10% and 2.7-5.5 V; and the 
HD66205T and HD66205TL, tape carrier package 
(TCP) devices powered by 5 V ± 10% and 2.7-5.5 
V, respectively. 



Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• Display off function 

• Internal 80-bit shift register 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 



Ordering Information 



Type No. 


Voltage Range 


Package 


HD66205F 


5V±10% 


FP-100 (flat package) 


HD66205FL 


2.7-5.5 V 


FP-100 (flat package) 


HD66205TF 


5V±10% 


TFP-100 (thin flat package) 


HD66205TFL 


2.7-5.5 V 


TFP-100 (thin flat package) 


HD66205T 


5V±10% 


TCP-92 (tape carrier package) 


HD66205TL 


2.7-5.5 V 


TCP-92 (tape carrier package) 
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Pin Arrangement 



O O) CO N CD 1/) ^COCM^OO)OONCDIO^ CO CM r- 

xxxxxxxxxxxxxxxxxxxx 



X51[ 
X52[ 
X53 1 — 
X54CZ 
X55CZ 
X56[ 
X57[ 
X58[ 
X59C 
X60CZ 
X61CZ 
X62d 
X63[ 
X64[ 
X65C 
X66CZ 
X67[ 
X68CZ 
X69[ 
X70lZ 
X71C 
X72[ 
X73[Z 
X74CZ 
X75CZ 
X76C 
X77 TZ 
X78[ 
X79[ 
X80CZ 



1 

2 
3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



HD66205 



OO)0>O>O)O>0)O>O>O)O> cocococococoooco 00 

80 
79 
78 
77 
76 
75 
74 
73 
72 
71 
70 
69 
68 
67 
66 
65 
64 
63 
62 
61 
60 
59 
58 
57 
56 
55 
54 
53 
52 



y CVJ CO "* U> <D 
CO CO CO CO CO CO 



51 

NCOOOT-MCO^mcDNOOOlO 

cococoxf'^tTr'si-'^'^Tf^Tr'^Lo 



uuuuuuuuuuuuuuuuuuuu 



X30 
ZD X29 
Z3 X28 
Z3 X27 
Z3 X26 
X25 
Z] X24 
Z3 X23 
X22 
X21 
Zl X20 
Zl X19 
Z] X18 
X17 
X16 
X15 
Zl X14 
X13 
X12 
X11 
X10 
Z] X9 
Z] X8 
Z]X7 
Z3 X6 
Z] X5 
=l X4 
Zl X3 
Z] X2 
Z]X1 



OOO UJ «£> <p 
Z Q Z ^ > > 



1 

s 



O 



QOSO ri O QO O 



> CO 



CD 



z z 



Top view 



946 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66205 



Pin Description 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vcc 


40 


Vcc 




Power supply 


GND 


42 


GND 


— — 


Power supply 


Vee 


34 


Vee 


~~ ~ 


Power supply 


V1 


37 


V1 


Input 


Power supply 


V5 


35 


V5 


Input 


Power supply 


V6 


36 


V6 


Input 


Power supply 


CL 


46 


Clock 


Input 


Control signal 


M 


44 


M 


Input 


Control signal 


Dl 


48 


Data in 


Input 


Control signal 


DO 


32 


Data out 


Output 


Control signal 


SHL 


41 


Shift left 


Input 


Control signal 


DISPOFF 


39 


Display off 


Input 


Control signal 


X 1~" X 80 


51-100, 1-30 


X1-X80 


Output 


LCD drive output 


NC 


31,33, 38, 43, 
45, 47, 49, 50 


No connection 
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Pin Functions 
Power Supply 

V C o V E e> GND: V C cr<3ND supplies power to the 
internal logic circuits. V C c-Vee supplies power to 
the LCD drive circuits. 

VI, V5, V6: Supply different levels of power to 
drive the LCD. VI and Vee are selected levels, 
and V5 and V6 are non-selected levels. See figure 
1. 

Control Signal 

CL: Inputs data shift clock pulses for the shift 
register. At the falling edge of each CL pulse, the 
shift register shifts display data input via the DI 
pin. 

M: Changes LCD drive outputs to AC. 

DI: Inputs display data. DI of the first HD66205 
must be connected to an LCD controller, and those 
of the other HD66205s must be connected to DI of 
the previous HD66205. 



DO: Outputs display data. DO of the last 
HD66205 must be open, and those of the other 
HD66205s must be connected to DI of the next 
HD66205. 

SHL: Selects the data shiftt direction for the shift 
register. See figure 2. 



DISPOFF: A low DISP sets LCD drive outputs 
Xr-XgotoVllevel. 

LCD Drive Output 

X^Xgo: Each X outputs one of the four voltage 
levels VI, V5, V6, or Vj?i$» depending on a 
combination of the M signal and display data 
levels. See figure 3. 

Other 

NC: Must be open. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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SHL level 


Data shift directior 


Common signa 
scan direction 


Low 


DI>SR1 >SR2 >SR80 


X1 > X80 


High 


Dl > SR80> SR79 > SR1 


X80>X1 



Figure 2 Selection of Display Data Shift Direction 



X output leve 



M— I i" 
D" 



Figure 3 Selection of LCD Drive Output Level 
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Block Functions 
LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V5, V6, and V EE , for driving an 
LCD panel. One of the four levels is output to the 
corresponding Y pin, depending on a combination 
of the M signal and the data in the shift register 

Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 



Shift Register 

The 80-bit shift register shifts data input via the DI 
pin by one bit, and the one bit of shifted-out data is 
output from the DO pin. Both actions occur 
simultaneously at the falling edge of each shift 
clock (CL) pulse 



Block Diagram 



V1, V5 
V6, VEE 
M 



DISPOFF > 

CL > 

DI > 

SHL > 

DO 



Logic 



X1-X80 




Shift register 
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Comparison of the HD66205 with the HD61105 




Item 


HD66205 


HD61105 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


10—26 V 


Shift clock phase selection function 


Not provided 


Provided (FCS pin) 


Relation between SHL and 
LCD output destinations 


See figure 4 


See figure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


See figure 5 


LCD drive V pins 


V1.V5.V6 

(V2 level is the same as V EE level) 


V1, V2. V5. V6 













SHL level 


Data shift directior 


Common signa 
scan direction 






Low 


DI>SR1 >SR2 >SR80 


X1 > X80 






High 


DI>SR80>SR79>SR1 


X80>X1 






HD66205 






SHL level 


Data shift directior 


Common signa 
scan direction 






Low 


DI>SR80>SR79>SR1 


X80>X1 






High 


DI>SR1 >SR2 >SR80 


X1 > X80 






HD61105 




Note the exact reverse relation for the two devices. 





Figure 4 Relation between SHL and LCD Output Destinations for the HD66205 and HD61105 



M-jr 



M—T 



D—r-yi ryn Q r~ 
X output leve H V VV E E|« V6 H 

HD66205 



D- J j l l 1 l r 
X output leve H V W 6 » H V1 » H VS H 



HD61105 



Figure 5 Relation between LCD Output Levels, M, and Data for the HD66205 and HD61105 

HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1 81 9 • (415) 589-8300 951 



HD66205 



Operation Timing 

Figure 6 shows the operation timing for the Application Example. 




U) 90Z99QH 



(2) S0299QH 



(C) S0299QH 



Figure 6 Relation between SHL and LCD Output Destinations 
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Application Example 





teg«40 




»eg639 
segttS 


LCD panel of 640c 240 dots; 




1/240 duty cycle 






seg3 




seg2 




segl 






«- cm n 




ill 


ii 




OA* 




I 


VSPOFF 
DO-03 




M 


HD66204 


CL? 


(D 


CL1 




V4 




V3 




VI 




. O Ul 


SHL 1 J 


! 3 SS 




Notes: 1 . The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 k£2 and 33 kft, respectively. That 
is, R1/(4 - R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -u,F capacitors near each LCD driver: one 
between the V cc and GND pins, and the other between the V CG and V E g pins. 
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Absolute Maximum Ratings 



Item 


Symbol 


Rating 


Unit 


Note 


Power supply voltage for logic circuits 


V cc 


-0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V cc -30.0 to V cc + 0.3 


V 




Input voltage 1 


Vti 


-0.3 to V cc + 0-3 


V 


1.2 


Input voltage 2 


V T2 


V EE - 0.3 to V cc + 0.3 


V 


1.3 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


T sta 


-55 to +125 


°c 


4 



Notes: 1. The reference point is GND (0 V). 

2. Applies to pins CL, M, SHL, Dl, DISPOFF. 

3. Applies to pins V1 , V5, and V6. 

4. -40 to +125°C for TCP devices. 

5. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 

Electrical Characteristics 

DC Characteristics for the HD66205F/HD66205TF/HD66205T (V cc = 5 V ± 10%, GND = V, V cc 
- V EE = 10 to 28 V, and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V, H 


1 


0,7 x V cc 




Vcc 


V 






Input low voltage 


V,L 


1 







0.3 x V cc 


V 






Output high voltage 


V H 


2 


V CC "0.4 






V 


l 0H = -0.4 mA 




Output low voltage 


Vol 


2 






t).4 


V 


Iql * 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






2.0 


kn 


Iqn= 100 jLtA 


1 


Input leakage current 1 


»IL1 


1 


-1.0 




1.0 


uA 


V|N" V cc to GN D 




Input leakage current 2 


'lL2 


4 


-25 




25 


uA 


V|N = V CC to V EE 




Current consumption 1 


'gnd 








100 


uA 


f CL = 20kHz 
Vcc-V EE =28V 


2 


Current consumption 2 


Iee 






150 


500 


HA 


Same as above 


2 



Pins and notes on next page. 
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HD66205 



DC Characteristics for the HD66204FL/HD66204TFL/HD66204TL (V cc = 2.7 to 5.5 V, GND = V, 



V cc - V EE = 10 to 28 V, and Ta = ■ 


-20 to +75°C, unless otherwise noted.) 






Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V,H 


1 


0.7 x V cc 


Vcc 


V 






Input low voltage 


V,L 


1 





0.3 x V cc 


V 






Output high voltage 


VOH 


2 


Vcc-0.4 




V 


| OH m -0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iql ■ 0.4 mA 




Wi— Yi nn racist a nr*o 


Ron 


3 




2.0 


k£2 


Ion ■ 1 00 mA 


1 


Input leakage current 1 


l|L1 


1 


-1.0 


1.0 




Vim = V^ to GND 
V IN V CC VJMl - / 




Input leakage current 2 


'lL2 


4 


«25 


25 


uA 


V, N -V C cotoV EE 




Current consumption 1 


J GND 






100 


uA 


f CL «16.8 kHz 
f M . 35 Hz 
V CC - 3.0 V 
V CC -V EE -28V 


2 


Current consumption 2 


Iee 






250 


uA 


Same as above 


2 



Pins: 1. CL, M, SHL, Dl, DISPOFF 

2. DO 

3. X^Xso, V1, V5, V6 

4. V1,V5,V6 



Notes: 1. Indicates the resistance between one pin from X^Xso and another pin from V1, V5, V6, and 
V EE , when load current is applied to the X pin; defined under the following conditions. 

V C C-V EE «28V 
V1,V6»Vcc-{1/10(Vcc-V EE )} 
V5 = V EE + {1/10(V CC -V EE )} 

V1 and V6 should be near Vcc l eve '» V5 should be near V EE level (figure 7). All voltage 
must be within AV. AV is the range within which Ron. the LCD drive circuits' output 
impedance, is stable. Note that AV depends on power supply voltage V C c~V EE (figure 8), 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vih and Vil must be held to Vcc 
and GND levels, respectively. 

3. Applies to standby mode. 
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HD66205 





A 

AV 

> f 


L V1 

1 V6 






4i r 




V5 

VEE 



Figure 7 Relation between Driver Output Waveform and Level Voltages 




Level voltage rang< 



Vcc-VEE (V) 



Figure 8 Relation between V cc - V EE and AV 
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HD66205 



AC Characteristics for the HD66205F/HD66205TF/HD66205T (V cc = 5 V ± 10%, GND = V, and 
Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit Note 


Clock cycle time 


tcYC 


CL 


10 


— 


US 


Clock high-level width 1 




CL 


50 


— 


ns 


Clock low-level width 




CL 


1.0 




US 


Clock rise time 




CL 




30 


ns 


Clock fall time 


tf 


CL 




30 


ns 


Data setup time 




Dl, CL 


100 




ns 


Data hold time 


*dh 


Dl, CL 


100 




ns 


Data output delay time 




DO, CL 




3.0 


|XS 1 


Data output hold time 




DO, CL 


100 




ns 



AC Characteristics for the HD66205FL/HD66205TFL/HD66205TL (V cc = 2.7 to 5.5 V, GND = V, 
and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit Note 


Clock cycle time 


tCYC 


CL 


10 




Its 


Clock high-level width 1 


*CWH 


CL 


80 




ns 


Clock low-level width 




CL 


1.0 




u.s 


Clock rise time 


tr 


CL 




30 


ns 


Clock fall time 


tf 


CL 




30 


ns 


Data setup time 


X DS 


Dl, CL 


100 




ns 


Data hold time 


*DH 


Dl, CL 


100 




ns 


Data output delay time 


X DD 


DO, CL 




7.0 


U.S 1 


Data output hold time 


*DHW 


DO, CL 


100 




ns 



Notes: 1. The load circuit shown in figure 9 is connected. 



test point o- 



j 3opf 



Figure 9 Load Circuit 
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HD66205 




Figure 10 LCD Controller Interface Timing 



958 
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HD66214T/HD66214TL (Micro-TAB) 
(80-Channel Column Driver in Micro-TCP) 



Description 

The HD66214T/HD66214TL, the column driver 
for a large liquid crystal graphic display, features 
as many as 80 LCD outputs powered by 80 
internal LCD drive circuits. This device latches 4- 
bit parallel data sent from an LCD controller, and 
generates LCD drive signals. In standby mode 
provided by its internal standby function, only one 
drive circuit operates, lowering power dissipation. 
The HD66214, packaged in an 8-mm-wide micro- 
tape carrier package (micro-TCP), enables a 
compact LCD system with a narrower frame 
(peripheral areas for LCD drivers) — about half as 
large as that os an existing system. The HD66214 
provides HD66214T, a standard device powered 
by 5 V ± 10%, and HD66214TL, a low power 
dissipation device powered by 2.7-5.5 V suitable 
for battery-driven portable equipment such as 
notebook personal computers and palm-top 
personal computers. 



Features 

• Duty cycle: 1/64 to 1/240 

• High voltage 

— LCD drive: 10-28 V 

• High clock speed 

— 8 MHz max under 5-V operation 
(HD66214T) 

— 4 MHz max under 3-V operation 
(HD66244TL) 

• Display off function 

• Internal automatic chip enable signal generator 

• Various LCD controller interfaces 

— LCTC series: HD63645, HD64645, 
HD64646 

— LVIC series: HD66840, HD66841 

— CLINE: HD66850 

• 98-pin TCP 
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HD662 14T/HD662 14TL (Micro-TAB) 



Pin Arrangement 
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HD66214T/HD66214TL (Micro-TAB) 



Pin Description 



Symbol 


Pin No. 


Pin Name 


Input/Output 


Classification 


Vcc 


1, 12 


Vcc 


— 


Power supply 


GND 


14 


GND 


— 


Power supply 


Vee 


15 


Vee 


— 


Power supply 


V1 


18 


V1 


Input 


Power supply 


V3 


17 


V3 


Input 


Power supply 


V4 


16 


V4 


Input 


Power supply 


CL1 


8 


Clock 1 


Input 


Control signal 


CL2 


7 


Clock 2 


Input 


Control signal 


M 


9 


M 


Input 


Control signal 


D -D 3 


3-6 


Data 0-data 3 


Input 


Control signal 


SHL 


13 


Shift left 


Input 


Control signal 


E 


2 


Enable 


Input 


Control signal 


CAR 


11 


Carry 


Output 


Control signal 


DISPOFF 


10 


Display off 


Input 


Control signal 


Yi-Y 8 o 


19-98 


Y1-Y80 


Output 


LCD drive output 



961 
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HD66214T/HD66214TL (Micro-TAB) 



Pin Functions 
Power Supply 

Vcc> v ee> GND: V CC ~GND supplies power to the 
internal logic circuits. Vcc-VEE supplies power 
to the LCD drive circuits. 

VI, V3, V4: Supply different levels of power to 
drive the LCD. VI and V EE are selected levels, 
and V3 and V4 are non-selected levels. See figure 
I. 

Control Signal 

CL1: Inputs display data latch pulses for the line 
data latch circuit. The line data latch circuit 
latches display data input from the 4-bit latch 
circuit, and outputs LCD drive signals 
corresponding to the latched data, both at the 
falling edge of each CL1 pulse. 

CL2: Inputs display data latch pulses for the 4-bit 
latch circuit The 4-bit latch circuit latches display 
data input via D ~D 3 at the falling edge of each 
CL2 pulse. 



M: Changes LCD drive outputs to AC. 

D0-D3: Input display data. High-voltage level of 
data corresponds to a selected level and turns an 
LCD pixel on, and low-voltage level data 
corresponds to a non-selected level and turns an 
LCD pixel off. 

SHL: Shifts the destinations of display data 
output See figure 2. 

E: A. low E enables the chip., and a high E disables 
the chip. 



CAR: Outputs the E signal to the next HD66214 if 
HD66214s are connected in cascade. 



DISPOFF: A low DISP sets LCD drive outputs 
Yi-Y 80 toVllevel. 

LCD Drive Output 

Yi-Yg : Each Y outputs one of the four voltage 
levels VI, V3, V4, or V EE , depending on a 
combination of the M signal and display data 
levels. See figure 3. 




Figure 1 Different Power Supply Voltage Levels for LCD Drive Circuits 
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HD66214T/HD66214TL (Micro-TAB) 



SHL = low 



SHL = higJ- 



>-»■>->->■>->■ 



Bfc:EJ|<W|0|T~Nt5 



TaiT 



Tn3 Tit 



10 M r- O ?5 CVJr- O 



DD 3D DO 



1st 2nd 



Last 



Figure 2 Selection of Destinations of Display Data Output 



M 

D — 
Y output leve 


1 

1 

<-> 



<-> 


o 

1 

> 




<-> 


r 


VEE 


V4 


V1 


V3 



Figure 3 Selection of LCD Drive Output Level 
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HD66214T/HD66214TL (Micro-TAB) 



Block Functions 

Controller: The controller generates the latch 
signal at the falling edge of each CL2 pulse for the 
4-bit latch circuit. 

4-Bit Latch Circuit 

The 4-bit latch circuit latches 4-bit parallel data 
input via the DO to D3 pins at the timing generated 
by the control circuit. 

Line Data Latch Circuit 

The 80-bit line data latch circuit latches data input 
from the 4-bit latch circuit, and outputs the latched 
data to the level shifter, both at the falling edge of 
each clock 1 (CL1) pulse. 



Level Shifter 

The level shifter changes 5-V signals into high- 
voltage signals for the LCD drive circuit. 

LCD Drive Circuit 

The 80-bit LCD drive circuit generates four 
voltage levels VI, V3, V4, and VEE, for driving 
an LCD panel. One of the four levels is output to 
the corresponding Y pin, depending on a 
combination of the M signal and the data in the 
line data latch circuit. 



Block Diagram 



V1 
V3 
V4 : 
VEE 
M 



DISPOFF ■ 
CL1 



D0-D3- 



Y1-Y8C 





LCD drive circuit 








Level shiftei 


I — > 






> 


Line data latch circui 




4-bit latch circui 
1 I II A 




4-bit latch circuil 



SHL — 
CL2 — 

E — 
CAR<- 



Controller 
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HD66214T/HD66214TL (Micro-TAB) 



Ordering Information 



Type No. 


Voltage Range 


Outer Lead Pitch 1 


Outer Lead Pitch 2 


Device Length 


HD66214TA1 


5V±10% 


0.15 mm 


0.80 mm 


3 sprocket holes 


HD66214TA1L 


2.7-6.5 V 


0.15 mm 


0.80 mm 


3 sprocket holes 


HD66214TA2 


5V±10% 


0.18 mm 


0.80 mm 


3 sprocket holes 


HD66214TA2L 


2.7-6.5 V 


0.18 mm 


0.80 mm 


3 sprocket holes 


HD66214TA3 


5V±10% 


0.20 mm 


0.80 mm 


3 sprocket holes 


HD66214TA3L 


2.7-5.5 V 


0.20 mm 


0.80 mm 


3 sprocket holes 


HD66214TA4 


5V±10% 


0.22 mm 


0.80 mm 


3 sprocket holes 


HD66214TA4L 


2.7-6.5 V 


0.22 mm 


0.80 mm 


3 sprocket holes 


HD66214TA5 


5 V±10% 


0.25 mm 


0.80 mm 


3 sprocket holes 


HD66214TA5L 


2.7-5.5 V 


0.25 mm 


0.80 mm 


3 sprocket holes 


HD66214TA6 


5V±10% 


0.20 mm 


0.45 mm 


3 sprocket holes 


HD66214TA6L 


2.7-5.5 V 


0.20 mm 


0.45 mm 


3 sprocket holes 


HD66214TA7 


5V±10% 


0.22 mm 


0.45 mm 


3 sprocket holes 


HD66214TA7L 


2.7-5.5 V 


0.22 mm 


0.45 mm 


3 sprocket holes 


HD66214TA8 


5V±10% 


0.25 mm 


0.55 mm 


3 sprocket holes 


HD66214TA8L 


2.7-5.5 V 


0.25 mm 


0.55 mm 


3 sprocket holes 



Notes: 1 . Outer lead pitch 1 is for LCD drive output pins, and outer lead pitch 2 for the other pins. 

2. Device length includes test pad areas. 

3. Spacing between two sprocket holes is 4.75 mm. 

4. Tape film is Upirex (a trademark of Ube Industries, Ltd.). 

5. 35-mm-wide tape is used. 

6. Leads are plated with Sn. 
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HD66214T/HD66214TL (Micro-TAB) 


Comparison of the HD66214 with the HD61104 




Item 


HD66214 


HD61104 


Clock speed 


8.0 MHz max. 


3.5 MHz max. 


Display off function 


Provided 


Not provided 


LCD drive voltage range 


10-28 V 


1 0-26 V 


Relation between SHL and 
LCD output destinations 


See figure 4 


See figure 4 


Relation between LCD output 
levels, M, and data 


See figure 5 


See figure 5 


LCD drive V pins 


V1.V3.V4 

(V2 level is the same as VEE level) 


V1, V2. V3. V4 


Storage temperature 


-40to125°C 


-55 to 125°C 



Package TCP (tape carrier package) QFP (quad flat package) 



CO «*frlp CD|> 00O> O 
h» f>.h» |s*h* oo 

>• >■> »- »- > 



h» r^h- r^h- r^h- co 
>- » » » > 



|M|<^|OIr-JM| 

pQQQp 



FOT51 



QQDQQQQQ 



k?0|c>J|-r-|C>|to|cvJ|^|0 
QQQQQQQQ 



21 Last 2nd 1st l^l ^ 2nd Last 



l«|c\JH©|rt|<NMe>| 

QQQQQQQQ 



SHL - low 



1st 2nd 

SHL . low 



CO «?t LO coi N * <x>c& o 
r^h- i^.r^ is.r^ co 
> » » » >- 



CO ^-LO CD^ C0O> O 

r^t^ h*^- r-f^ co 
> >-> »- >->- >- 



CO C\I t- © CO C\J f- o 
DQQQDQQQ 



T co | e\ilr- l <S>|c^lc\lli-- | c!)| 
QQQQQQQQ 



[6|H<Mlco|<bHoj|oo 
QQQQQQQQ 



2nd 
SHL = high 



to|^|CM|C0tol^|CM|C0| 

QQQQQQQQ 



ft (LJt g -ft-ft fi-ft 

« 1 ^ 1 

2nd Last ^ Last 2nd 1st 



SHL = high 



HD66214 



HD61104 



Note the exact reverse relation for the two devices. 



Figure 4 Relation between SHL and LCD Output Destinations for the HD66214 and HD61104 
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HD66214T/HD66214TL (Micro-TAB) 



m_j — - 1 Q r 

p-HH o rjn o r 

w - ,VEE, V4 , V1 , V3 , 

Y output leve H — H« — H« — *H — H 

HD66214 



M_J — - 1 Q r 

d —h — 1 T" 1 n 

v, . - .V1.V3.V2.V4. 
Y output leve H — — H« — *H — H 

HD61104 



Figure 5 Relation between LCD Output Levels, M, and Data for the HD66214 and HD61104 
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HD66214T/HD66214TL (Micro-TAB) 



Operation Timing 



CL2 

Data 

Data 3 
CL1 

CAR 
(No. 1) 

CAR 
(No. 2) 

CAR 
(No. 3) 

CAR 
(No. n) 

Y1-Y8C 



Line 



RJ1_R_ 



1 2 3 



19 20 21 



XZQC 



OCX 



HD66214 no. 1 latches dat 



ZXDC 



HD66214 no. 2 
latches data 



HD66214 no. 3 
latches data 



PL 



HD66214 no. n 
latches data 



X 



968 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 



HD66214T/HD66214TL (Micro-TAB) 





Notes: 1. The resistances of R1 and R2 depend on the type of the LCD panel used. For example, 
for an LCD panel with a 1/15 bias, R1 and R2 must be 3 k& and 33 kQ, respectively. That 
is, R1/(4 • R1 + R2) should be 1/15. 

2. To stabilize the power supply, place two 0.1 -u.F capacitors near each LCD driver: one 
between the V cc and GND pins, and the other between the V C c and V^e P'ns. 
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HD66214T/HD66214TL (Micro-TAB) 


Absolute Maximum Ratings 










Item 


Symbol 


Rating 


Unit 


Note 


Power supply voltage for logic circuits 


Vcc 


»0.3 to +7.0 


V 


1 


Power supply voltage for LCD drive circuits 


Vee 


V C c -30.0 to V cc + 0.3 


V 




Input voltage 1 


V T i 


-0.3 to V cc + 0.3 


V 


1.2 


Input voltage 2 


v T2 


V EE -0.3 to V cc + 0.3 


V 


1.3 


Operating temperature 


T"opr 


-20 to +75 


°c 




Storage temperature 


Tsta 


-40 to +125 


°c 





Notes: 1. The reference point is GND (0 V). 



2. Applies to pins CL1 , CL2, M, SHL, E, D -D 3 , DISPOFF. 

3. Applies to pins V1 , V3, and V4. 

4. If the LSI is used beyond its absolute maximum ratings, it may be permanently damaged. It 
should always be used within its electrical characteristics in order to prevent malfunctioning or 
degradation of reliability. 

Electrical Characteristics 

DC Characteristics for the HD66214T (V cc = 5 V ± 10%, GND = V, V cc - V EE = 10 to 28 V, and 
Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Typ. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V, H 


1 


0.7 x V cc 




Vcc 


V 






Input low voltage 


V,L 


1 


p 




0.3 x V cc V 






Output high voltage 


V H 


2 


V CC -0.4 






V 


Iqh 88 -0.4 mA 




Output low voltage 


Vol 


2 






0.4 


V 


Iql - 0.4 mA 




Vi-Yj on resistance 


R ON 


3 






4.0 


kn 


Ion = 100 jiA 


1 


Input leakage current 1 


*IL1 


1 


-1.0 




1.0 


uA 


Vin = V cc to GND 




Input leakage current 2 


! IL2 


4 


-25 




25 


uA 


Vin = V cc t0 V EE 




Current consumption 1 


•gnd 








3.0 


mA 


f CL2 = 8.0MHz 
f CL1 . 20 kHz 
Vcc - Vee = 28 V 


2 


Current consumption 2 


»EE 






150 


500 


uA 


Same as above 


2 


Current consumption 3 


1st 








200 


uA 


Same as above 


2,3 



Pins and notes on next page. 
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HD66214T/HD66214TL (Micro-TAB) 



DC Characteristics for the HD66214TL (V cc = 2.7 to 5.5 V, GND = V, V cc - V EE = 10 to 28 V, 
and Ta = -20 to +75°C, unless otherwise noted.) 



Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Condition 


Note 


Input high voltage 


V, H 


1 


0.7 x V cc 


Vcc 


V 






Input low voltage 


V, L 


1 





0.3 x V cc 


V 






Output high voltage 


VOH 


2 


V CC ~0.4 




V 


Iqh ■ ~0.4 mA 




Output low voltage 


Vol 


2 




0.4 


V 


Iql - 0.4 mA 




Vi-Yj on resistance 


Ron 


3 




4.0 


kn 


Ion ■ 100 uA 


1 


Input leakage current 1 


I|L1 


1 


-1.0 


1.0 


uA 


V| N = V cc toGND 




Input leakage current 2 


'|L2 


4 


-25 


25 


uA 


V| N = V cc to V EE 




Current consumption 1 


Ignd 






1.0 


mA 


fcL2 = 4.0 MHz 
f CL i - 16.8 kHz 
f M - 35 Hz 
V CC - 3 -° V 
Vcc-V EE = 28V 
Checker-board 
pattern 


2 


Current consumption 2 


»ee 






500 


uA 


Same as above 


2 


Current consumption 3 


1st 






50 


MA 


Same as above 


2.3 



Pins: 1. CL1 , CL2, M, SHL, E, D -D 3 , DISPOFF 



2. CAR 

3. Woo, V1, V3, V4 

4. V1.V3.V4 

Notes: 1. Indicates the resistance between one pin from Y^Ygo and another pin from V1, V3, V4, and 
V EE , when load current is applied to the Y pin; defined under the following conditions. 

V cc - GND = 28 V 

V1.V3»V C c~{2/10(Vcc-V EE )} 

V4 = V EE + {2/10(V cc -V EE )} 

V1 and V3 should be near Vcc level, and V4 should be near V EE level (figure 6). All voltage 
must be within AV. AV is the range within which R n. the LCD drive circuits* output 
impedance, is stable. Note that AV depends on power supply voltage V C c-V EE (figure 7). 

2. Input and output current is excluded. When a CMOS input is floating, excess current flows 
from the power supply through the input circuit. To avoid this, Vjh and V JL must be held to Vcc 
and GND levels, respectively. 

3. Applies to standby mode. 



HITACHI 

Hitachi America, Ltd. • Hitachi Plaza • 2000 Sierra Point Pkwy. • Brisbane, CA 94005-1819 • (415) 589-8300 971 



HD66214T/HD662 14TL (Micro-TAB) 



AV 

> 




i 

1 






4i r 





Figure 6 Relation between Driver Output Waveform and Level Voltages 




Level voltage rang* 



10 28 
Vcc-VEE (V) 



Figure 7 Relation between V cc - Vee and AV 

( 
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HD66214T/HD66214TL (Micro-TAB) 

AC Characteristics for the HD66214T (V cc = 5 V ± 10%, GND = V, and Ta = -20 to +75°C, unless 
otherwise noted.) 



Item 


Symbol 


Pins 


Mln. 


Max. 


Unit 


Note 


Clock cycle time 


tcYC 


CL2 


125 


— 


ns 




Clock high-level width 1 


tcWH 


CL1.CL2 


45 


. — 


ns 




Clock low-level width 


tcWL 


CL2 


45 


— 


ns 




Clock setup time 


tsCL 


CL1,CL2 


80 


— 


ns 




Clock hold time 


tHCL 


CL1.CL2 


80 


— 


ns 




Clock rise time 


tr 


CL1.CL2 


— 


Note 1 


ns 


1 


Clock fall time 


tf 


CL1,CL2 




Note 1 


ns 


1 


Data setup time 


tos 


D ~D 3l CL2 


20 




ns 




Data hold time 


tDH 


D -D 3l CL2 


20 




ns 




Enable (E) setup time 


fesu 


E, CL2 


30 




ns 




Carry (CAR) output delay time 


tcAR 


CAR, CL2 




80 


ns 


2 


M phase difference time 


tcwi 


M, CL2 




300 


ns 




CL1 cycle time 


tci.1 


CL1 


t CY c><50 




ns 




AC Characteristics for the HD66214TL (V cc = 2.7 to 5.5 V, GND = V, and Ta = - 
unless otherwise noted.) 


20 to +75°C, 


Item 


Symbol 


Pins 


Min. 


Max. 


Unit 


Note 


Clock cycle time 


tcYC 


CL2 


250 




ns 




Clock high-level width 1 


*CWH 


CL1.CL2 


95 




ns 




Clock low-level width 


tcWL 


CL2 


95 




ns 




Clock setup time 


tsCL 


CL1.CL2 


80 




ns 




Clock hold time 


t|-ICL 


CL1, CL2 


120 




ns 




Clock rise time 


tr 


CL1.CL2 




Notel 


ns 


1 


Clock fall time 


tf 


CL1.CL2 




Notel 


ns 


1 


Data setup time 


tDS 


D -D 3f CL2 


50 




ns 




Data hold time 


tDH 


D -D 3f CL2 


50 




ns 




Enable (E) setup time 


tESU 


E, CL2 


65 




ns 




Carry (CAR) output delay time 


tcAR 


CAR, CL2 




155 


ns 


2 


M phase difference time 


tcM 


M, CL2 




300 


ns 




CL1 cycle time 


tdl 


CL1 


tcYC x 50 




ns 





Notes: 1 . t r , t f < (t CYC - tcwH - t C wi_) /2 and tr. tf < 50 ns 



2. The load circuit shown in figure 8 is connected. 
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8 



HD66214T/HD66214TL (Micro-TAB) 



Test poinl o- 



30 pF 



Figure 8 Load Circuit 



CL2 



D0-D3 



CL1 



CL2 



CAR 



tr 



tCWH 
< >k > 



tDS 
k H 



*f 0.7Vcc>s. y/" 
/f0.3Vcc V > F 



tCWL 
< > 



tCYC 




tDH 
K — — H 



i.7Vcc 
13Vcc 



X 



tCWH 
k H 



tSCL 
K > 



tCAR 



tCL1 



i.3Vcc 



X 



tHCL | 



tCAR 



8Vcc 



0.2Vcc^£ 



/ 



< > 



M 



tCM 



\tESU 

asvccAjj- 



0.7Vcc 
.0.3Vcc 



Figure 9 LCD Controller Interface Timing 
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HD66702 LCD-II/E20 

(Dot Matrix Liquid Crystal Display 
Controller and Driver) — Preliminary — 



Description 

The LCD-II/E20 (HD66702) dot matrix liquid 
crystal display controller and driver LSI displays 
alphanumerics, kana characters, and symbols. It 
drives a dot matrix liquid crystal display under 4- 
bit or 8-bit microprocessor control. Since all the 
functions required for dot matrix liquid crystal 
display drive are internally provided on one chip, a 
small system can be configured with this LSI. 

A single LCD-II/E20 can display up to two lines, 
each of 20 characters. The addition of driver LSI 
HD44100s enables a maximum display of two 
lines, each of 40 characters. 

The LCD-II/E20 of 3-V power supply (whose 
development is under consideration) is suitable for 
any portable battery-driven apparatus requiring 
low power dissipation. 



Ordering Information 

Operating 

Type No. Package Voltage 

HCD66702 1 44-pin bare chip 4.5 to 5.5 V 
HCD66702L 1 44-pin bare chip 2.7 to 3.3 V 



Display Type Duty Cycle When not Extended 



Features 

• 5X7 and 5 x 10 dot matrix liquid crystal 
display controller and driver 

• Internal display RAM of 80 x 8 bits (80 
characters max.) 

• Internal character generator ROM of 7200 bits: 
160 character fonts of 5 x 7 dots 

32 character fonts of 5 x 10 dots 

• Internal character generator RAM of 64 X 8 bits: 
8 character fonts of 5 x 7 dots 

4 character fonts of 5 x 10 dots 

• Internal liquid crystal display driver with 16 
common signal drivers and 100 segment signal 
drivers 

• Programmable duty cycles 

— 1/8 for 1 line of 5 x 7 dots + cursor 

— 1/11 for 1 line of 5 x 10 dots + cursor 

— 1/16 for 2 lines of 5 x 7 dots + cursor 

• Maximum display characters 

• Wide range of instruction functions: 

— Display clear, Cursor home, Display 
On/Off, Cursor On/Off, Display character 
blink, Cursor shift, Display shift 

• Wide range of power supply (V cc ): 4.5 to 5.5 V 
(standard version), 2.7 to 3.3 V (low V cc 
version) 

• Internal automatic reset circuit after power on 
(provided by standard version only) 

• Independent LCD drive voltage on the logic 
power supply (V cc ): 3.0 to 6.0 V 

When Extended 

with an HD44100H Maximum Extension 



1- line display 1/8 20 characters x 1 line 28 characters x 1 line 80 characters x 1 line 

1/11 20 characters x 1 line 28 characters x 1 line 80 characters x 1 line 

2- line display 1/16 20 characters x 2 lines 28 characters x 2 lines 40 characters x 2 lines 
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HD66702 LCD-II/E20 



Block Diagram (LCD-II/E20 Interior) 



EXT 



Reset circuit 
ACL 



OSC1 OSC2 

1* 



CPG 



-^►CL1 
-^►CL2 
M 



^| Timing generator 



RS • 
R/W • 

E • 




MPU 

Inter- 
face 



Input/ 
output 
buffer 



Instruction 
register 
OR) 



Instruc- 
tion 
decoder 



,7 



Address Counter 



Data 
register 
(DR) 



Busy 
_flag_ 



8 



Display data 
RAM (DD RAM) 
80x8 bits 



T 



8 



/8 



Character 
generator RAM 
(CG RAM) 
64 bytes 



Character 
generator ROM 
(CG ROM) 
7200 bytes 



TEST1- 



16-bit 
shift 
register 



Common 
signal 
driver 



r 



COM1- 
COM16 



100-bit 




100-bit 


Segment 


shift 




latch 




nal 




register 




circuit 


driver 



Cursor 
blink 
controller 



Vcc 



± 



Parallel/serial 
converter and 
attribute circuit 



SEG1- 
SEG100 



Liquid crystal 
display drive 
voltage 
selector 



100 



GND- 



A A A A A 

V1 V2 V3 V4 V5 



976 
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HD66702 LCD-II/E20 



LCD-II/E20 Pad Arrangement 



OOOOOOOOOOUOOOUO 

n f i |f fit if i 111 1^1 j|| iii ni m j |f i i f in in in jii m mi i n in i f I ill in iii iii in i if m jif uj m mi ii j 



SEG34 


1 


SEG33 


2 


SEG32 


□ 3 


SEG31 


4 


SEG30 


□ 5 


SEG29 


6 


SEG28 


7 


SEG27 


8 


SEG26 


B 9 


SEG25 


B 10 


SEG24 


011 


SEG23 


m 12 


SEG22 


013 


SEG21 


□ 14 


SEG20 


015 


SEG19 


B 16 


SEG18 


□ 17 


SEG17 


018 


SEG16 


B 19 


SEG15 


020 


SEG14 


□ 21 


SEG13 


022 


SEG12 


023 


SEG11 


24 


SEG10 


025 


SEG9 


026 


SEG8 


027 


SEG7 


028 


SEG6 


029 


SEG5 


030 


SEG4 


031 


SEG3 


32 


SEG2 


033 


SEG1 


034 


GND 


■ 35 


OSC2 


036 



3000000000000000 



(Top view) 



Note: Minimum pad pitch = 130pm 



Type code 



HD66702 



BDDDDDDD0000BH0B0B00000HB0000000000i 



108 


SEG71 


107 


SEG72 


106 


SEG73 


105 


SEG74 


104 


SEG75 


103 


SEG76 


102 


SEG77 


101 


SEG78 


100 


SEG79 


99 


SEG80 


98 


SEG81 


97 


SEG82 


96 


SEG83 


95 


SEG84 


94 


SEG85 


93 


SEG86 


92 


SEG87 


91 


SEG88 


90 


SEG89 


89 


SEG90 


88 


SEG91 


87 


SEG92 


86 


SEG93 


85 


SEG94 


84 


SEG95 


83 


SEG96 


82 


SEG97 


81 


SEG98 


80 


SEG99 


79 


SEG100 


78 


COM16 


77 


COM15 


76 


COM14 


75 


COM13 


74 


COM12 


73 


COM11 



* : Test pins; to be grounded. 

Q Power supply pins 

■: Power supply pins (ground) 

82: Input pins 

Efc Output pins 

R Input/output pins 
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HD66702 LCD-II/E20 



LCD-II Family Comparison 



item 


LCD-II 
(HD44780) 


LCD-II/A 
(HDo6780) 


LCD-II/E20 
(HD66702) 


Power supply voltage 


5 V ± 1 0% 


5 V ± 10% 


5 V ± 1 0% for standard version; 
3 V ± 1 0% for low Vcc version 


Liquid crystal drive 1/4 bias 


3.0 to 11 V 


3.0VtoV cc 


3.0 to 6.0 V 


voltage Vlcd 1/5bias 


4.6 to 11 V 


3.0VtoV cc 


3.0 to 6.0 V 


Max oispiay utgiis per cnip 


i o Qigns 

(8 digits x 2 lines) 


i o uigiis 

(8 digits x 2 lines) 


40 digits 

(20 digits x 2 lines) 


Display duty cycle 


1/8,1/11 and 1/16 


1/8,1/11 and 1/16 


1/8, 1/11 and 1/16 


CG ROM 


7,200 bits 

(1 60 character fonts of 
5x7 dots and 
32 character fonts of 
5x10 dots) 


12,000 bits 

(240 character fonts of 
5x10 dots) 


7,200 bits 

(1 60 character fonts of 
5x7 dots and 
32 character fonts of 
5x10 dots) 


CG RAM 


64 bytes 


64 bytes 


64 bytes 


DD RAM 


80 bytes 


80 bytes 


80 bytes 


Segment signals 


40 


40 


100 


Common signals 


16 


16 


16 


Liquid crystal drive waveform 


A 


B 


B 


Ladder resistor for liquid 
crystal drive power supply 


External 


External 


External 


Clock source 


External resistor, 
external ceramic filter, 
or external clock 


External resistor, 
external ceramic filter, 
or external clock 


External resistor, 
or external clock 


Rf rtCf»niation front lonru 
ril UoUlldUUli flcLjUeilV/y 

(frame frequency) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


270 kHz ±30% 
(59 to 110 Hz for 1/8 
and 1/16 duty cycles; 
43 to 80 Hz for 1/11 
duty cycle) 


Oc.\J fMliC. _E OU /o 

(69 to 128 Hz for 1/8 
and 1/16 duty cycles; 
50 to 93 Hz for 1/11 
duty cycle) 


Rf resistance 


91 kn±2% 


83k£2±2% 


68 kn (T.B.D.) for standard version; 
56 kH (T.B.D.) for low V C c version 


Instructions 


Fully compatible within the LCD-II family 




CPU bus timing 


1 MHz 


2 MHz 


1 MHz 


Package 


QFP1 420-80, 
QFP1414-80,and 
80-pin bare chip 


QFP1 420-80 and 
QFP1414-80 


144-pin bare chip (no package) 



Note: Development of QFP2020-144 (144-pin quad flat package) is under consideration. 
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HD66702 LCD-II/E20 



Electrical Characteristics 

Absolute Maximum Ratings for Low V cc Version 



Item 


Symbol 


Unit 


Rating 


Note 


Power supply voltage (1) 


Vcc 


V 


-0.3 to +7.0 




Power supply voltage (2) 


Vi to V 5 


V 


-0.3 to +7.0 


3 


Input voltage 


Vt 


V 


-0.3 to V cc + 0.3 




Operating temperature 


Topr 


°C 


-20 to + 75 


4 


Storage temperature 


Tstg 


°c 


-55 to + 125 





Notes: 1. If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristic limits is strongly recommended for normal operation. Use beyond these 
conditions will cause malfunction and poor reliability. 

2. All voltage values are referenced to GND = V. 

3. Applies to Vi to V5; must maintain V C c ^ V1 > V2 £ V3 > V4 > V5; see below. 



V CC 
V 5 



® 



® 



® = V CC - V 5 
® = V CC - V, 
®^ 1.5V 
®^0.25x(A) 



The conditions of Vi and V5 voltages are for proper 
operation of the LSI and not for the LCD output level. The 
LCD drive voltage condition for the LCD output level is 
specified in "LCD voltage VLCD." 



4. This temperature is for packaged devices; +75°C is the guaranteed operating temperature for bare chip devices. 
DC Characteristics for Low V cc Version (V cc = 3 V ± 10%, T a = -20°C to +75°C*1) 



Item 


Symbol 


Unit 


Test Conditions 


min. 


typ. 


max. 


Note 


Input high voltage (1) 


Vihi 


V 




T.B.D. 




Vcc 


2 


Input low voltage (1 ) 


Vili 


V 




-0.3 




T.B.D. 


2 


Input high voltage (2) (OSC1 ) 


V|H2 


V 




T.B.D. 




Vcc 


11 


Input low voltage (2) (OSC1) 


V|L2 


V 








T.B.D. 


11 


Output high voltage (1) (DB0-DB7) 


VOH1 


V 


-lOH = 0.1 mA 


T.B.D. 






3 


Output low voltage (1) (DB0-DB7) 


VOL1 


V 


lOL = 0.1 mA 






T.B.D. 


3 


Output high voltage (2) (except DB0-DB7) 


VOH2 


V 


-lOH = 0.04 mA 


T.B.D. 






4 


Output low voltage (2) (except DB0-DB7) 


VOL2 


V 


lOL = 0.04 mA 






T.B.D. 


4 


Driver ON resistance (COM pin) 


Rcom 


kft 


± Id = 0.05 mA 
(all COM pins) 






20 


9 


Driver ON resistance (SEG pin) 


RSEG 


kn 


± Id = 0.05 mA 
(all SEG pins) 






30 


9 


Input/Output leakage current 


lu 


uA 


Vin = 0toVcc 


-1 




1 


5 


Pull-up MOS current (RS, R/W) 


-'P 


HA 


V CC = 3V 


T.B.D. 


T.B.D. 


T.B.D. 




Power supply current 


Ice 


mA 


Rf oscillation, external 
clock operation, Vcc = 3 V 
fOSC = 320 kHz 




T.B.D. 




6,10 


LCD voltage 


VLCD1 


V 


Vcc-V5 1/5 bias 


3.0 




6.0 


12 




VLCD2 


V 


V cc -V5 1/4 bias 


3.0 




6.0 


12 



Notes for DC Characteristics on pages 983 and 984. 
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HD66702 LCD-II/E20 



AC Characteristics for Low V cc Version (Vcc = 3 V ± 10%, T a = -20°C to +75°C*1) 

Clock Characteristics 



Item 




Symbol 


Unit Test Conditions 


min. 


typ. 


max. Note 


External clock operating frequency 




fcp 


kHz 


125 




410 7 


External clock duty cycle 




Duty 


% 


45 


50 


55 7 


External clock rise time 




trcp 


US 


— 


— 


0.2 7 


External clock fall time 




trcp 


US 


— 


— 


0.2 7 


Rf oscillation internal clock operating frequency 


fosc 


kHz Rf = T.B.D. 


230 


320 


410 8 


Notes on pages 983 and 984 














Bus Timing Characteristics 

Write Operation 














Item 


Symbol Unit 


Test Conditions 


min. 


typ. 


max. 


Enable cycle time 


tCYCE 


ns 


Figure 1 


1000 






Enable pulse high level width 


pweh 


ns 


Figure 1 


450 






Enable rise/fall time 


tEr, tEf 


ns 


Figure 1 


— 


— 


25 


Setup time for RS, R/W, E 


tAS 


ns 


Figure 1 


40 


— 


— 


Address hold time 


tAH 


ns 


Figure 1 


10 


— 


— 


Data setup time 


tDSW 


ns 


Figure 1 


195 


— 


— 


Data hold time 


tH 


ns 


Figure 1 


10 


— 


— 


Head Operation 














Item 


Symbol Unit 


Test Conditions 


min. 


typ. 


max. 


Enable cycle time 


tCYCE 


ns 


Figure 2 


1000 




— 


Enable pulse high level width 


PWeh 


ns 


Figure 2 


450 






Enable rise/fall time 


tEr, tEf 


ns 


Figure 2 


— 


— 


25 


Setup time for RS, R/W, E 


tAS 


ns 


Figure 2 


40 


— 


— 


Address hold time 


tAH 


ns 


Figure 2 


10 


— 


— 


Data delay time 


tDDR 


ns 


Figure 2 


— 


— 


320 


Data hold time 


tDHR 


ns 


Figure 2 


20 


— 


. — ' 


Segment extension signal timing 














Item 


Symbol Unit 


Test Conditions 


min. 


typ. 


max. 


Clock pulse high level width 


tCWH 


ns 


Figure 3 


800 






Clock pulse low level width 


tCWL 


ns 


Figure 3 


800 






Clock setup time 


tcsu 


ns 


Figure 3 


500 






Data setup time 


tsu 


ns 


Figure 3 


300 






Data hold time 


tDH 


ns 


Figure 3 


300 






M delay time 


tDM 


ns 


Figure 3 


-1000 




1000 


Clock rise/fall time 


tot 


ns 


Figure 3 






100 



Power supply conditions for using internal reset circuit 

Since the internal reset circuit will not operate normally in the 3-V Vcc LCD-II/E20, initialize the LSI by instruction. 

HITACHI 



980 Hitachi America, Lid. • Hitachi Piaza • 2000 Sierra Koint Kkwy. • Brisbane, CA 94005-i8i9 • (415) 589-8300 



HD66702 LCD-II/E20 



Bus Timing Characteristics 

Absolute Maximum Ratings for Standard V cc Version 



Item 


Symbol 


Unit 


Rating 


Note 


Power supply voltage (1) 


Vcc 


V 


-0.3 to +7.0 




Power supply voltage (2) 


Vi to V 5 


V 


-0.3 to +7.0 


3 


Input voltage 


Vt 


V 


-0.3 to Vcc + 0.3 




Operating temperature 


Topr 


°c 


-20 to + 75 


4 


Storage temperature 


Tstg 


°c 


-55 to + 125 





Notes: 1. If LSIs are used above absolute maximum ratings, they may be permanently destroyed. Using them 
within electrical characteristic limits is strongly recommended for normal operation. Use beyond these 
conditions will cause malfunction and poor reliability. 

2. All voltage values are referenced to GND = V. 

3. Applies to Vi to V5; must maintain V C c V1 > V2 £ V3 £ V4 > V5; see below. 



The conditions of Vi and V5 voltages are for proper 
operation of the LSI and not for the LCD output level. The 
LCD drive voltage condition for the LCD output level is 
specified in "LCD voltage VLCD." 



4. This temperature is for packaged devices; +75°C is the guaranteed operating temperature for bare chip devices. 



DC Characteristics for Standard Version (V cc = 5 V ± 10%, T a = -20°C to +75°C*1) 



Item 


Symbol 


Unit 


Test Conditions 


min. 


typ. 


max. 


Note 


Input high voltage (1) 


V|H1 


V 




2.2 




Vcc 


2 


Input low voltage (1 ) 


Viu 


V 




-0.3 




0.6 


2 


Input high voltage (2) (OSC1) 


V|H2 


V 




Vcc-1 




Vcc 


11 


Input low voltage (2) (OSC1) 


V|L2 


V 








1.0 


11 


Output high voltage (1 ) (DB0-DB7) 


VOH1 


V 


-lOH = 0.205 mA 


2.4 






3 


Output low voltage (1) (DB0-DB7) 


VOL1 


V 


lOL = 1 .6 mA 






0.4 


3 


Output high voltage (2) (except DB0-DB7) 


VOH2 


V 


-lOH = 0.04 mA 


0.9 Vcc 






4 


Output low voltage (2) (except DB0-DB7) 


VOL2 


V 


lOL = 0.04 mA 






0.1 V cc 


4 


Driver ON resistance (COM pin) 


Rcom 




± Id = 0.05 mA 
(all COM pins) 






20 


9 


Driver ON resistance (SEG pin) 


RSEG 


m 


± Id = 0.05 mA 
(all SEG pins) 






30 


9 


Input/Output leakage current 


ILI 


uA 


Vin = 0toVcc 


-1 




1 


5 


Pull-up MOS current (RS, R/W) 




uA 


V cc = 5 V 


T.B.D. 


125 


T.B.D. 




Power supply current for RS, R/W 


Ice 


mA 


Rf oscillation, external 
clock operation, Vcc = 5 V 
fOSC = 320 kHz 




T.B.D. 




6,10 


LCD voltage 


VLCD1 


V 


Vcc-Vs 1/5 bias 


3.0 




6.0 


12 




VLCD2 


V 


V cc -V5 1/4 bias 


3.0 




6.0 


12 



Notes for DC Characteristics on pages 983 and 984. 
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AC Characteristics for Standard Version (V cc = 5 V ± 10%, T a = -20°C to +75°C*1) 

Clock Characteristics 



Item 




Symbol 


Unit Test Conditions 


min. 


typ. 


max. Note 


External clock operating frequency 




fcp 


kHz 


125 




410 7 


External clock duty cycle 




Duty 


% 


45 


50 


55 7 


External clock rise time 




trcp 


U.S 






0.2 7 


External clock fall time 




trcp 






—— 


0.2 7 


Rf oscillation internal clock operating frequency 


fosc 


kHz Rf = T.B.D. 


230 


320 


410 8 


Notes on pages 983 and 984 














Bus Timing Characteristics (see note on page 14 for load circuits) 

Write Operation 

Item Symbol Unit Test Conditions min. 


typ. 


max. 


Enable cycle time 


tCYCE 


ns 


Figure 1 


1000 






Enable pulse high level width 


PWeh 


ns 


Figure 1 


450 


— 




Enable rise/fall time 


tEr, tEf 


ns 


Figure 1 






25 


Setup time for RS, R/W, E 


tAS 


ns 


Figure 1 


40 




— . 


Address hold time 


tAH 


ns 


Figure 1 


•i A 

10 


— 




Data setup time 


tDSW 


ns 


Figure 1 








r\««*«* 4i»ma 

uata nolo time 


tH 


ns 


Figure 1 


•i rt 
10 






Ivcau VspcrdLIUIl 

Item 


Symbol 


1 Unit 


Test Conditions 


min. 


typ. 


max. 


Enable cycle time 


tCYCE 


ns 


Figure 2 


1000 






Enable pulse high level width 


pweh 


ns 


Figure 2 


450 


— 




Enable rise/fall time 


tEr, tEf 


ns 


Figure 2 






25 


Setup time for RS, R/W, E 


tAS 


ns 


Figure 2 


40 


— 


— 


Address hold time 


tAH 


ns 


Figure 2 


10 


— * 




Data delay time 


tDDR 


ns 


Figure 2 






320 


Data hold time 


tDHR 


ns 


Figure 2 


20 






Segment extension signal timing 
Item 


Symbol 


1 Unit 


Test Conditions 


min. 


typ. 


max. 


Clock pulse high level width 


tCWH 


ns 


Figure 3 


800 






Clock pulse low level width 


tCWL 


ns 


Figure 3 


800 






Clock setup time 


tcsu 


ns 


Figure 3 


500 






Data setup time 


tsu 


ns 


Figure 3 


300 






Data hold time 


tQH 


ns 


Figure 3 


300 






M delay time 


tDM 


ns 


Figures 


-1000 




1000 


Clock rise/fall time 


tct 


ns 


Figures 






100 
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Power supply conditions for using internal reset circuit 
Item Symbol Unit Test Conditions 



min. typ. max. 



Power supply rise time 


trCC 


ms Figure 4 


0.1 




10 


Power supply off time 


tOFF 


ms Figure 4 


1 







Note: 1 . The following are I/O terminal configurations except for liquid crystal display output. 



Input Terminal Applicable Terminals: E 
(MOS without pull up) 



Applicable Terminals: RS, R/W 
(MOS with pull up) 



PMOS 



4 I 



NMOS 



1 PMOS 



Pull Up MOS 



PMOS 



4 I 



NMOS 



Output Terminal 

Applicable Terminals: CL|, CL2, M, D 



V cc 

PMOS 



' NMOS 



I/O Terminal 

Applicable Terminals: DBo to DB7 
V cc (Pull Up MOS) v cc 
^— JfipMOS j— 



PMOS 



|k-|NMOS 



Vcc' 
PMOsi [- 



NMOS 



Enable 



• Data 



(Three State 
Output Circuit) 

Note: 2. Input terminals and I/O terminals. Excludes OSC1 terminals. 
Note: 3. I/O terminals. 
Note: 4. Output terminals. 

Note: 5. Current flowing through pull-up MOSs and output drive MOSs is excluded. 

Note: 6. Input/output current is excluded. When CMOS input is at an intermediate level, excessive current flows 
through the input circuit to the power supply. To avoid this, input level must be fixed at high or low. 
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Note: 7, External clock operation. 



Oscillator 



Open 



OSCi 



OSC 2 



Th 



0.7V CC 
0.5V CC ■ 
0.3V CC - 



v 



Duty cycle = T J^ T , x 1 00% 



tfcp 



Note: 8. Internal oscillator operation using oscillation resistor Rf. 



OSCi 



OSC 2 



Rf:56kQ±2%(V cc = 3V) rrnr^ 
Rf:681d2±2%(V C c = 5V) Reference values (T.B.D.) 



Since oscillation frequency varies depending on OSCi and OSC2 terminal capacitance, wiring length 
for these terminals should be minimized. 
Note: 9. Applies to both VcoM and VsEG voltage drops. 

Vcom: From power suply terminal V C c, V1 , V4, V5 to each common signal terminal 
(COMitoCOMi6) 

Vseg: From power suply terminal V C c, V2, V3, V*6 to each segment signal terminal 
(SEG1 to SEG40) 

Note: 1 0. Relation between operation frequency and current consumption is shown in this diagram (V C c = 5 V). 




200 300 
fosc or f CP (kHz) 



Note: 11. Applied to OSCi terminal. 

Note: 12. The condition for COM pin voltage drop (Vcom) and SEG pin voltage drop (Vseg). 
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Timing Characteristics 

Write operation 



RS 



R/W 



DB ~DB 7 



Us 



tAH 



PW EH 



/ V.L1 V,L1 ^ 



tosw 



t A H 



t H 



tcYCE 



Figure 1 Write Operation 



Read operation 




Figure 2 Read Operation 
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Interface signals with driver LSI HD44100H 




Power on sequence 



Figure 3 Extension Driver Interface Timing 



0.2 V 
V cc ~ 

0.1ms ^ t rCC ^ 10ms 






Figure 4 Power on Sequence 

Notes: 1 . t ff defines the time of power off for momentary power supply dip or when power supply is repeatedly 
turned on and off. 

2. 2.7 when Vcc = 5 V, and 4.5 V when V cc = 3 V 

3. Since the internal reset circuit will not operate normally if the above conditions are not satisfied, 
initialize the LSI by instruction. Refer to "Initializing by Instruction." 
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Note: Load Circuits 



Data bus DB0-DB7 

Vcc=5V 



Vcc=5V 



$«° — r — r-W- 

90 p F^, ^ 11 kfl 



2.4 Ml 



Diodes* 
IS2074© 



Vcc=3V 



point I 
90 pF 



1 



Segment extention signals 



Test c 
point 



1 
I 



30 pF 
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Terminal Function 



Table 1 Functional Description of Terminals 



Signal 
Name 


No. of 

1 Imam 

Linos 


Input/ 
Output 


Connected to 


Function 


RS 


1 


Input 


MPU 


Signal to select registers. 

0: Instruction register (for write) 

Busy flag: address counter (for read) 
1 : Data register (for read and write) 


RAN 


1 


Input 


MPU 


Signal to select read (R) and write (W). 
0: Write 
1 : Read 










E 


1 


Input 


MPU 


Operation start signal for data read/write. 


DB4-DB7 


4 


Input/Output 


MPU 


Higher order 4 bidirectional three-state data 
bus lines. Used for data transfer between 
me Mru ano we LOLMi/tLeu. uoj can oe 
used as a BUSY flag. 


UdO~~L'd3 


A 

4 


Input/Output 


MDI 1 
MrU 


Lower order 4 bidirectional three-state data 
bus lines. Used for data transfer between 
the MPU and the LCD-II/E20. These four 
are not used during 4-bit operation. 


CL1 


1 


Output 


HD44100H 


Clock to latch serial data D sent to the 
driver LSI HD44100H. 


CL 2 


1 


Output 


HD44100H 


Clock to shift serial data D. 


M 


1 


Output 


HD44100H 


Switch signal to convert liquid crystal drive 
waveform to AC. 


D 


1 


Output 


HD44100H 


Sends character pattern data corresponding 
to each common signal serially. 


VyWIVI "J — •vAJIVI "J g 


I O 


vjuipui 


Liquid crysiai display 


Common signals that are not used are 
changed to non-selection waveforms. That 
is, COM9-COM10 are non-selection 
waveforms at 1/8 duty factor, and 
COM12-COM16 are non-selection 
waveforms at 1/11 duty factor. 


SEGl-SEGlOO 


100 


Output 


Liquid crystal display 


Segment signal. 


V1-V5 


5 




Power supply 


Power supply for liquid crystal display drive. 


Vcc, GND 


2 




Power supply 


V cc : +5 V, GND: V. 


TEST 


1 


Input 




Test pin; to be grounded. 


EXT 


1 


Input 




Test pin; to be grounded. 
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Function Of Each Block 

Register 

The HD66702 had two 8-bit registers, an 
instruction register (IR), and a data register (DR). 

The IR stores instruction codes such as display 
clear and cursor shift, and address information for 
display data RAM (DD RAM) and character 
generator RAM (CG RAM). The IR can be 
written from the MPU but not read by the MPU. 

The DR temporarily stores data to be written into 
the DD RAM or the CG RAM and data to be read 
out from DD RAM or CG RAM. Data written 
into the DR from the MPU is automatically 
written into the DD RAM or the CG RAM by 
internal operation. The DR is also used for data 
storage when reading data is read from the DD 
RAM or the CG RAM. When address information 
is written into the IR, data is read into the DR 
from the DD RAM or the CG RAM by internal 
operation. Data transfer to the MPU is then 
completed by the MPU reading DR. After the 
MPU reads the DR, data in the DD RAM or CG 
RAM at the next address is sent to the DR for the 
next read from the MPU. Register selector (RS) 



signals make their selection from these two 
registers. 

Busy flag (BF) 

When the busy flag is 1, the HD66702 is in the 
internal operation mode, and the next instruction 
will not be accepted. As table 2 shows, the busy 
flag is output to DB7 when RS = and R/W = 1. 
The next instruction must be written after ensuring 
that the busy flag is 0. 

Address counter (AC) 

The address counter (AC) assigns addresses to DD 
and CG RAMs. When an instruction for address is 
written in IR, the address information is sent from 
IR to AC. Selection of either DD or CG RAM is 
also determined concurrently by the instruction. 

After writing into (or reading from) DD or CG 
RAM display data, AC is automatically incre- 
mented by +1 (or decremented by -1). AC 
contents are output to DB0-DB6 when RS = and 
R/W = 1, as shown in table 2. 



Table 2 Register Selection 



RS 


R/W 


Operation 








IR write as internal operation (Display clear, etc.) 





1 


Read busy flag (DB7) and address counter (DB0-DB6) 


1 





DR write as internal operation (DR to DD or CG RAM) 


1 


1 


DR read as internal operation (DD or CG RAM to DR) 
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Display data RAM (DD RAM) 

The display data RAM (DD RAM) stores display 
data represented in 8-bit character codes. Its 
capacity is 80 x 8 bits, or 80 characters. The 
display data RAM (DD RAM) that is not used for 
display can be used as a general data RAM. 



Relations between DD RAM addresses and 
positions on the liquid crystal display are shown 
below. 

The DD RAM address (Add) is set in the address 
counter (AC) and is represented in hexadecimal. 



Upper Order 
Bits 



Lower Order 
Bits "* 



AC 


AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


AGO 




v_ Hexa 
decimal 


—i 


\ — 


Hexadecimal -J 


(Example) 


DD RAM address 4E 








1 








1 


1 


1 







V 


-4 - 


/ V 


E 




/ 



1-Line Display (N = 0) 



(digit) 


1 


2 


3 


4 


5 


79 


80 


1-line 


00 


01 


02 


03 


04 




4E 


4F 



Display 
Position 

<- DD RAM 
Address 



1. When there are fewer than 80 display char- 
acters, the display begins at the head position. 
For example, 20 characters using an HD66702 
are displayed as: 



Digit 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 13 


14 


15 


16 


17 


18 19 


20 


1st line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


0B 


oc 


OD 


OE 


OF 


10 


11 


12 


13 



. Display 
Position 

. DD RAM 
address 
(hexadecimal) 



When the display shift operation is performed, the 
DD RAM address moves as: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 




4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 
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2. 28-character display using an HD66702 and an 
HD44100H is as shown below: 



1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


12 13 1 4 15 16 17 18 19 20 21 22 23 24 25 26 27 28 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


\ 






































A 














/ 



Display Position 
DD RAM 
address 
(hexadecimal) 



LCD-II/E20 display 



HD44100H display 



When the display shift operation is performed, 
the DD RAM address moves as: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


1C 



4F 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 



3. The relation between display position and DD 
RAM address when the number of display 
digits is increased through the use of one 
HD66702 and two or more HD44100H's can 
be considered an extension of 2. 



Since the increase can be 8 digits for each 
additional HD44100H, up to 80 digits can be 
displayed by externally connecting 8 
HD44100H's. 



Digit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 77 78 79 80 ««- Display Position 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OAjOB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


IB 




4C 


4D 


4E 


4F 


\ 




































A 














/ 










/ 



LCD-II/E20 display 



HD44100H(1) display 



2-Line Display (N = 1) 



HD44100H (8) 
display 



Digit 


1 


2 


3 


4 


5 


39 


40 


1st line 


00 


01 


02 


03 


04 




26 


27 


2nd line 


40 


41 


42 


43 


44 




66 


67 



DD RAM 
address 
(hexadecimal) 



. Display 
Position 

. DD RAM 
address 
(hexadecimal) 



1. When the number of display characters is less 
than 40 x 2 lines, the 2 lines are displayed 
from the head. Note that the first line end 



address and the second line start address are not 
consecutive. For example, when an HD66702 is 
used, 20 characters x 2 lines are displayed as: 



Digit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 



1st line 
2nd line 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 



_ Display Position 

. DD RAM 
address 

- (hexadecimal) 



When display shift is performed, the DD RAM 
address moves as: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 




27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 



(Shift left) 



(Shift right) 
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2. 28 characters x 2 lines are displayed when an 
HD66702 and an HD44100H are used. 



Digit 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


DC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


IB 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 



Display Position 
DD RAM 



(hexadecimal) 



LCD-II/E20 display 



HD44100H display 



When display shift is performed, the DD RAM 
address moves as follows: 



01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


1B 


1C 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 


5C 




27 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


OD 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


67 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 



(Shift left) 



(Shift right) 



3. The relation between display position and DD 
RAM address when the number of display 
digits is increased by using one HD66702 and 
two or more HD44100H's, can be considered 
an extension of 2. 



Since the increase can be 8 digits x 2 lines for 
each additional HD44100H, up to 40 digits 2 
lines can be displayed by connecting three 
HD44100H , s externally. 



2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 37 38 39 40 



1st line 
2nd line 



00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 


OB 


OC 


00 


OE 


OF 


10 


11 


12 


13 


14 


15 


16 


17 


18 


19 


1A 


IB 




24 


25 


26 


27 


40 


41 


42 


43 


44 


45 


46 


47 


48 


49 


4A 


4B 


4C 


4D 


4E 


4F 


50 


51 


52 


53 


54 


55 


56 


57 


58 


59 


5A 


5B 




64 


64 


66 


67 



Display Position 

DD RAM 
address 

(hexadecimal) 



J V- 



LCD-II/E20 display 



HD44100H (1) display 



HD44100H(3) 
display 



Character Generator ROM (CG ROM) 

The character generator ROM generates 5 x 7 dot 
or 5 x 10 dot character patterns from 8-bit 
character codes. It can generate 160 5 x 7 dot 
character patterns and 32 5 x 10 dot character 
patterns. Table 5 shows the relation between 
character codes and character patterns in the 
Hitachi standard HD66702. User defined character 
patterns are also available by mask-programmed 
ROM. 

Character Generator RAM (CG RAM) 

In the character generator RAM, the user can 
rewrite character patterns by program. With 5x7 



dots, 8 character patterns can be written and with 5 
x 10 dots, 4 characters can be written. 

Write the character codes in the left column of 
table 5 to display character patterns stored in CG 
RAM. 

Table 6 shows the relation between CG RAM 
addresses and data and display patterns. 

As table 6 shows, an area that is not used for 
display can be used as a general data RAM. 



992 
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Modifying Character Patterns 

1. Character Pattern Development Procedure 



Computer 
processing 



Create character 
pattern listing 



(D 



y Evaluate character i 
\ patterns / 




- Back to 
start 




Masking 



Sample 



\ Sample / 
evaluation / 




^flass productior^ 



^ Start ^ 



Determine 
character patterns 



Create EPROM 
address data listing 



Write EPROM 



EPROM- 
Hitachi 



® 



Figure 5 Character Pattern Development Procedure 
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The numbers in figure 5 correspond to the 
following operations: 

® Determine the correspondence between charac- 
ter codes and character patterns. 

(D Create a listing indicating the correspondence 
between EPROM addresses and data. 

<D Program character patterns in the EPROM. 

Send the EPROM to Hitachi. 

<D Hitachi performs computer processing with the 
EPROM to create a character pattern listing and 
sends it to the user. 

<D If there is no problem in the character pattern 
listing, Hitachi creates a trial LSI and sends 
samples to the user. The user evaluates the 
samples. When it is confirmed that character 



patterns are correctly written, Hitachi starts 
mass production of the LSI. 

2. Programming Character Patterns 

This section explains the correspondence 
between addresses and data used to program 
character patterns in EPROM. The LCD-II/E20 
character generator ROM can generate 160 5 x 
70-dot character patterns and 32 5 x 10-dot 
character patterns for a total of 192 different 
character patterns. 

a. 5 x 7-dot Character Pattern 

For a 5 x 7-dot character pattern, EPROM 
address data and character pattern correspond 
with each other as shown below. Table 3 is an 
example of the correspondence between 
EPROM address data and character pattern (5 x 
7 dots). 



Table 3 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x7 dots) 



EPROM address 


Data 


A10 A9 As A7 A6 A5 A4 A3 A2 Ai Ao 


(LSB) 

O4 03 O2 O1 Oo 


10 10 10 



1 
1 

1 1 

1 
1 1 
1 1 
1 1 1 


11110 
1 1 

10001 

11110 

10100 

10 10 

10001 





J" 



Fill line 8 (cursor position) 
with 



Character code 



Line position 



(1) EPROM address A10 to A3 correspond to a 
character code. 

(2) EPROM addresses A2 to Ao specify a line 
position of character pattern. 

(3) EPROM data O4 to Oo correspond to 
character pattern data. 



(4) A lit display position (black) corresponds to 1. 

(5) Fill line 8 (cursor position) of character 
pattern with 0. 

(6) EPROM data O5 to O7 are not used. 
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b. 5 x 10-dot Character Pattern 

For a 5 x 10-dot character pattern, EPROM 
address data and character pattern correspond 
with each other as shown in table 4. 

(1) EPROM addresses Aio to A3 correspond to 
a character code. Set As and A9 of charac- 
ter pattern line 9 and later lines to 0. 

(2) EPROM addresses A2 to Ao specify a line 
position of character pattern. 

(3) EPROM data O4 to Oo correspond to 
character pattern data. 

(4) A lit display position (black) corresponds 
tol. 

(5) Fill line 11 (cursor position) of character 
pattern with 0. 

(6) EPROM data O5 to O7 are not used. 

c. Handling Unused Character Patterns 

(1) EPROM data outside the character pattern 
area 

Ignored by the character generator ROM 
for display operation so it can be or 1. 



(2) EPROM data in CG RAM area 

Ignored by the character generator ROM 
for display operation so it can be or 1. 

(3) EPROM data used when the user does not 
use any HD66702 character pattern 
Handled in one of the two ways explained 
below. Select one of the two ways accord- 
ing to the user application. 

(a) When unused character patterns are not 
programed 

If an unused character code is written 
in the LCD-II/E20 DD RAM, all dots 
are lit. No programming for a character 
pattern is equivalent to all bits lit. (This 
is because EPROM is filled with Is 
when the EPROM is erased.) 

(b) Program for unused character 
patterns 

Nothing is displayed even if unused 
character codes are written in LCD- 
II/E20 DD RAM. (This is equivalent to 
space.) 



Table 4 Example of Correspondence between EPROM Address Data and Character Pattern 
(5x10 dots) 







EPROM address 










Data 
























(LSB) 


A10 


A9 


As A7 A6 A5 A4 A3 A2 A1 


Ao 


O4 03 O2 O1 Oo 













































1 

























1 








1 


1 


1 


1 


1 


110 


1 





1 


1 


1 








1 1 










1 








1 








1 










1 





1 


111 








1 










1 


1 








1 


1 


1 1 










1 


1 


1 











0^1 


1 


if 


1 


1 




















1 


1 





10 


1 








1 











11 


1 





10 


1 





1 


















J" 



Fill line 11 (cursor position) 
withO 



Character code 



Line position 
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Table 5 Correspondence between Character Codes and Character Pattern (Hitachi Standard HD66702) 



\ Higher 
Lower. 4bits 
4 bits \ 


0000 


0010 


0011 


0100 

oi 


0101 


0110 


0111 


1010 


1011 


1100 


1101 


1110 


mi 


x x x x 0000 


CG 
RAM 
(1) 






P 




p 




aaaaa 




aaa 


o: 


p 


x x x x 0001 


(2) 


I 


i 


Q 

n 


Q 


3 


=1 


a 


7 

■ 




iaaa| 


•3 




X X X X ! U 


(3) 


II 




B 


R 


b 


1 


r 


"I 


Hi 


I 

a a 


P 


■***« 


xxx x001 1 


(4) 




3 








■ 






X 




s 


*? 


x x x X0100 


(5) 


$ 




i? 




d 


t 


\ 


X 


a 


"J? 


H 


ft 


xxx x0101 


(6) 




■J. 




y 


\lY.i 


U 


II 




f 


..mL_ 


c 


r-r ■ 

u 


xxx x01 10 


(7) 


& 


6 


F 




f 




■•MB 
■•MM 

1 " 


ft 


aaa 


aaaaa 

_Zl 


P 


E 


xxx x01 1 1 


(8) 




7 


i3 


u 


g 


W 


7 






aeaa| 


g 


JE 

X 


x x x x 1 000 


(1) 


< 


O 


H 


X 




X 


i 




$ 




..r 


x x x x 1001 


(2) 


> 




I 


V 


i 


y 


yaaaa 
•• 




J 

■ 


lb 


-i 


y 


xxx x 1010 


(3) 




n 
n 


J 


2, 


■ 




z 


■■jail 






L- 


a 

•1 


aaaai" 


x x x x 101 1 


(4) 


+ 


a 

? 


/ 
\ 


I 


% 


< 




-i-i- 


b 


n 


X 




x x x x 1 1 00 


(5) 


? 


< 








1 


■j? 




aaaa| 




■t- 


133 

rl 


x x x x 1 101 


(6) 






M 


J 


m 


.:• 




aaaaa 


•i 


aa, 


JL 


a 
a 


x x x x 1 1 10 


(7) 


n 


> 


■■. 


A 


n 












n 
o 


I 


XXXX1111 


(8) 




7 

■ 


Q 






a|aaa 


««i 

aa 




aaaaa 

'•: 





Note: The user can specify any pattern for character-generator RAM. 
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Table 6 Relation between CG RAM Addresses and Character Codes (DD RAM) and Character 
Patterns (CG RAM Data) 

For 5 x 7 dot character patterns 



Notes: 




*No effect 



1 . Character code bits 0-2 correspond to CG RAM address bits 3-5 (3 bits: 8 types). 

2. CG RAM address bits 0-2 designate character pattern line position. The 8th line is the cursor 
position and display is formed by logical OR with the cursor. 

Maintain the 8th line data, corresponding to the cursor display position, in the state for cursor 
display. When the 8th line data is 1 , bit 1 lights up regardless of cursor presence. 

3. Character pattern row positions correspond to CG RAM data bits 0-4, as shown in the figure 
(bit 4 being at the left end). 

Since CG RAM data bits 5-7 are not used for display, they can be used for the general data RAM. 

4. As shown in tables 3 and 4, CG RAM character patterns are selected when character code bits 
4-7 are all 0. However, since character code bit 3 has no effect, the "R" display in the character 
pattern example is selected by character code "00" (hexadecimal) or "08" (hexadecimal). 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
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Table 6 Relation between CG RAM Addresses and Character Codes (DD RAM) and Character 
Patterns (CG RAM Data) (Continued) 



For 5 x 10 dot character patterns 



Character Codes 
(DD RAM Data) 



7 6 5 4 3 2 1 

Higher Lower 

Order Order ""■ 

Bits Bits 



0000* * 



* 1 1 * 



5 4 3 2 1 

Higher Lower 

•-Order Order H 

Bits Bits 



CG RAM 
Address 















1 
1 

1_ 

r 

1 1 
1 1 



1 1 
1 1 








b~T~i 


1 
1110 

1111 




10 11 

11 
110 1 
11 1 

1111 



"7 6 5 4 3 2 1 
Higher Lower 

«- Order Order 
Bits Bits 



Character Patterns 
(CG RAM Data) 




,0 

m 



* * * 



o 





fcTo ooo 



1 1 



1 
1 
1 

1 1 1 

1 





; 



* * * * * 



* * * * * 



* * * * * 



***<***** 



Character 

Pattern 

Example 



Cursor 
Position 



*No Effect 



Notes: 1 . Character code bits 1 , 2 correspond to CG RAM address bits 4, 5 (2 bits: 4 types). 

2. CG RAM address bits 0-3 designate character pattern line position. The 1 1th line is the 
cursor position and display is formed by logical OR with the cursor. 

Maintain the 1 1 th line data corresponding to the cursor display position in the state for 
cursor display. When the 1 1th line data is 1 , bit 1 lights up regardless of cursor presence. 
Since the 1 2th- 1 6th lines are not used for display, they can be used for general data RAM. 

3. Character pattern row positions are the same as 5 x 7 dot character pattern positions. 

4. CG RAM character patterns are selected when character code bits 4-7 are all 0. However, 
since character code bit and 3 have no effect, "P" display in the character pattern example 
is selected by character codes "00", "01", "08" and "09" (hexadecimal). 

5. 1 for CG RAM data corresponds to display selection and to non-selection. 
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Timing Generation Circuit 

The timing generation circuit generates timing 
signals to operate internal circuits such as DD 
RAM, CG ROM, and CG RAM. RAM read timing 
needed for display and internal operation timing by 
MPU access are separately generated so they do 
not interfere with each other. Therefore, when 
writing data to the DD RAM, for example, there 
will be no undesirable influence, such as flickering, 
in areas other than the display area. This circuit 
also generates timing signals to operate the 
externally connected driver LSI HD44100H. 

Liquid Crystal Display Driver Circuit 

The liquid crystal display driver circuit consists of 
16 common signal drivers and 100 segment signal 
drivers. When character font and number of lines 
are selected by a program, the required common 
signal drivers automatically output drive 
waveforms, the other common signal drivers 
continue to output non-selection waveforms. 

The segment signal driver has essentially the same 
configuration as the driver LSI HD44100H. 
Character pattern data is sent serially through a 



100-bit shift register and latched when all needed 
data has arrived. The latched data controls the 
driver for generating drive waveform outputs. The 
serial data can be sent to HD44100H's, externally 
connected in cascade, used for display digit 
number extension. 

Serial data send always starts at the display data 
character pattern corresponding to the last address 
of the display data RAM (DD RAM). 

Since serial data is latched when the display data 
character pattern corresponding to the starting 
address enters the internal shift register, the 
HD66702 drives the head display. The rest 
displays, corresponding to latter addresses, are 
added with each additional HD44100H. 

Cursor/Blink Control Circuit 

The cursor/blink control circuit generates the 
cursor or blink. The cursor or the blink appear in 
the digit at the display data RAM (DD RAM) 
address set in the address counter (AC). 

When the address counter is (08)i6, the cursor 
position is: 





AC6 


AC5 


AC4 


AC3 


AC2 


AC1 


AC0 










AC 











1 



















In a 1-line display 
























(digit) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


1 


00 


01 


02 


03 


04 


05 


06 


07 


08 


09 


OA 





the cursor position 



In a 2-line display 



(digit) 


1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


1st line^ 


00 


01 


02 


03 


04 


05 


06 


07 




09 


OA 




2nd line 
I 


40 


41 


42 


43 


44 


45 


46 


47/ 


48 


49 


4A 





Display 
Position 

DD RAM 

Address 

(Hexadecimal) 



Display 
Position 

DD RAM 

Address 

(Hexadecimal) 



the cursor position 

Note: The cursor or blink appears when the address counter (AC) selects the character generator RAM 
(CG RAM). But the cursor and blink are meaningless. 

The cursor or blink is displayed in the meaningless position when AC is a CG RAM address. 
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Interfacing To MPU 

In the HD66702, data can be sent in either two 4- 
bit operations or one 8-bit operations so it can 
interface to both 4- and 8-bit MPUs. 

1. When interface data is 4-bits long, data is 
transferred using only 4 buslines: DB4-DB7. 
DB0-DB3 are not used. Data transfer between 
the HD66702 and the MPU completes when 4- 
bit data is transferred twice. Data of the higher 
order 4 bits (contents of DB4-DB7 when 
interface data is 8 bits long) is transferred first, 
then the lower order 4 bits (contents of 
DB0-DB3 when interface data is 8 bits long) is 
transferred. 

Check the busy flag after 4-bit data has been 
transferred twice (one instruction). Two 4-bit 
operations will then transfer the busy flag and 
address counter data. 

2. When interface data is 8 bits long, data is 
transferred using the 8 data buslines DB0-DB7. 

Reset Function 

Initializing by Internal Reset Circuit 

The HD66702 automatically initializes (resets) 
when power is turned on using the internal reset 



rs — ■ 

r/w — f 



circuit. The following instructions are executed 
during initialization. The busy flag (BF) is kept in 
busy state until initialization ends (BF = 1). The 
busy state is 10 ms after Vcc rises to 4.5 V. 

1. Display clear 

2. Function set: 

DL= 1: 8-bit-long interface data 
N=0: 1-line display 
F= 0: 5 x 7 dot character font 

3. Display on/off control: 

D=0: Display off 
C=0: Cursor off 
B = 0: Blink off 

4. Entry mode set: 

I/D= 1: +1 (increment) 
S = 0: No shift 

Note: When conditions in "Power Supply Con- 
ditions Using Internal Reset Circuit" are not 
met, the internal reset circuit will not 
operate normally and initialization will not 
be performed. In this case initialize by 
MPU according to "Initializing by 
Instruction". 



/ 




Instruction (IR) Busy Flag (BF) and Data Register (DR) 

Write Address Counter (AC) Read 

Read 



Figure 6 4-Bit Data Transfer Example 
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Instructions 

Outline 

Only two HD66702 registers, the instruction 
register (IR) and the data register (DR) can be 
directly controlled by the MPU. Prior to internal 
operation start, control information is temporarily 
stored in these registers, to allow interface from 
HD66702 internal operation to various types of 
MPUs that operate in different speeds or to allow 
interface to peripheral control ICs. HD66702 
internal operation is determined by signals sent 
from the MPU. These signals include register 
selection signals (RS), read/write signals (R/W) 
and data bus signals (OB0-DB7), and are here 
called instructions. Table 7 shows the instructions 
and their execution time. Details are explained in 
subsequent sections. 

Instructions are of 4 types, those that, 

1. Designate HD66702 functions such as display 
format, data length, etc. 

2. Give internal RAM addresses 

3. Perform data transfer with internal RAM 

4. Others 



In normal use, category 3 instructions are used 
most frequently. However, automatic incrementing 
by +1 (or decrementing by-1) of HD66702 
internal RAM addresses after each data write 
lessens the MPU program load. Th& display shift 
especially can perform concurrendy with display 
data write, enabling the user to develop systems in 
minimum time with maximum programing 
efficiency. For an explanation of the shift function 
in its relation to display, see table 12. 

When an instruction is executing during internal 
operation, no instruction other than the busy 
flag/address read instruction will be executed. 

Because the busy flag is set to 1 while an 
instruction is being executed, check to make sure it 
is 1 before sending an instruction from the MPU. 

Note: Make sure the HD66702 is not in the busy 
state (BF = 0) before sending the 
instruction from the MPU to the HD66702. 
If the instruction is sent without checking 
the busy flag, the time between first and 
next instructions is much longer than the 
instruction time. See table 7 for a list of 
each instruction execution time. 
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Table 7 Instructions 

Code 

Instruction RS R/W DB7 PBs DB5 PB4 PB3 DB2 DB1 DBp Description 



Execution Time 
(max) (when 
fcporfoacls 
320 kHz) 



Clear Display 



Clears entire display and 
sets DD RAM address 
in address counter. 



1.28 ms 



Return Home 



Sets DD RAM address 
in address counter. Also 
returns display being 
shifted to original position. 
DD RAM contents remain 
unchanged. 



1 .28 ms 



Entry Mode 
Set 




















1 


l/D 


S 


Sets cursor move direction 
and specifies shift of 
display. These operations 
are performed during data 
write and read. 


31 us 


Display On/Off 
Control 




















1 D 


C 


B 


Sets On/OFF of entire 
display (D), cursor ON/OFF 
(C), and blink of cursor 
position character (B). 


31 us 


Cursor or 
Display Shift 

















1 


S/C R/L 






Moves cursor and shifts 
display without changing 
DD RAM contents. 


31 us 


Function Set 














1 


DL 


N F 






Sets interface data length 
(DL), number of display 
lines (L) and character 
font(F). 


31 us 


Set CG RAM 
Address 











1 






ACG 






Sets CG RAM address. 
CG RAM data is sent and 
received after this setting. 


31 us 


Set DD RAM 
Address 








1 








ADD 






Sets DD RAM address. 
DD RAM data is sent and 
received after this setting. 


31 us 



Read Busy 1 
Flag & Address 



BF 



AC 



' Reads Busy flag (BF) us 
indicating internal operation 
is being performed and 
reads address counter 
contents. 



Write Data to 1 


Write Data 


Writes data into DD RAM 


31 us 


CG or DD 




or CG RAM. 


tADD=47 us (Note) 


RAM 






Read Data from 1 1 


Read Data 


Reads data from DD 


31 us 


CG or DD RAM 




RAM or CG RAM. 


tADD=4.7 us (Note) 



l/D « 1 : Increment 


DD RAM: Display data RAM 


Execution time 


l/D - 0: Decrement 


CG RAM: Character 


changes when , 


S = 1 : Accompanies display shift 


generator RAM 


frequency changes 


S/C - 1 : Display shift 


Acg: CG RAM address 


Example: 


S/C = 0: Cursor move 


Add*. DD RAM address: 


When fcD or Fosc 


R/L = 1: Shift to the right 


Corresponds to cursor 


is 270 kHz: 


R/L » 0: Shift to the left 


address 


31 usx |^»37 us 


DL « 1: 8 bits, DL = 0:4 bits 


AC: Address counter used 


N = 1:2 lines, N = 0:1 line 


for both DD and CG 


F - 1:5x10dots,F ! =0:5x7dots 


RAM address. 




BF - 1 : Internally operating 






BF = 0: Can accept instruction 







*No effect 

Note: After execution of a CG RAM/DD RAM data write or read instruction, the RAM address counter is increased or decreased 
by 1 . The RAM address counter is updated after the busy flag turns off. In figure 7, tADD is the time elapsed after the busy 
flag turns off until the address counter is updated. 
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Busy signal 
(DB7 pin) 



Address counter 
(DBo to DB6 pins) 



Busy state 



■ (ADD depends on the operation frequency 
tADO = 1 -5/(f 8 or fosc) seconds 



A+1 



tADD 



Figure 7 Address Counter Update 



Description of Details 

1. Clear Display 



Code 



RS 


R/W 


DB 7 














-DBo 













































1 



Writes space code 20 (hexadecimal) (character 
pattern for character code 20 must be blank 
pattern) into all DD RAM addresses. Sets DD 
RAM address in address counter. Returns 
display to its original status if it was shifted. In 



other words, the display disappears and the 
cursor or blink go to the left edge of the display 
(the first line if 2 lines are displayed). Set I/D = 
1 (increment mode) in entry mode. S of entry 
mode doesn't change. 



2. Return Home 



RS R/W DB 7 



• DBo 



Code 


























1 


* 


























* Don't care 



Sets the DD RAM address in address counter. 
Returns display to its original status if it was 
shifted. DD RAM contents do not change. 

3. Entry Mode Set 



The cursor or blink go to the left edge of the 
display (the first line if 2 lines are displayed). 



Code 



RS 


R/W 


DB 7 














DB 























1 


l/D 


S 



I/D: Increments (I/D = 1) or decrements (I/D = 0) 
the DD RAM address by 1 when a character 
code is written into or read from the DD 
RAM. 

The cursor or blink moves to the right when 
incremented by 1 and to the left when 
decremented by 1. The same applies to 
writing and reading of CG RAM. 



Shifts the entire display either to the right or 
to the left when S is 1; to the left when I/D = 
1 and to the right when I/D = 0. 

Thus it looks as if the cursor stands still and 
the display moves. The display does not shift 
when reading from the DD RAM when 
writings, into or reading out from the CG 
RAM causes a shift when S = 0. 
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4. Display On/Off Control 



Code 



RS 


R/W 


DB 7 














DB 
































1 


D 


C 


B 



D: The display is on when D = 1 and off when 
D = 0. When off due to D = 0, display data 
remains in the DD RAM. It can be displayed 
instantly by setting D = 1. 

C: The cursor is displayed when C = I and is 
not displayed when C = 0. Even if the cursor 
disappears, the function of I/D, etc. does not 
change during display data write. The cursor 
is displayed using 5 dots in the 8th line when 
the 5 x 7 dot character font is selected and 5 
dots in the 11th line when the 5 x 10 dot 
character font is selected (Figure 8). 



5. Cursor or Display Shift 



RS R/W DB 7 



B: 



The character indicated by the cursor blinks 
when B = 1 (Figure 8). The blink is displayed 
by switching between all blank dots and 
display characters at 320 ms intervals when 
fcp or f 0S c = 320 kHz. The cursor and the 
blink can be set to display simultaneously. 
(The blink frequency changes according to 
the reciprocal of fcp or f OS c. 

320 x 320 = 379.2 ms when f cp = 270 kHz.) 
270 



DBo 



Code 

















1 


S/C 


R/L 


* 


* 


























* Don't care 



Shifts cursor position or display to the right or 
left without writing or reading display data 
(Table 8). This function is used to correct or 
search for the display. In a 2-line display, the 
cursor moves to the 2nd line when it passes the 
40th digit of the 1st line. Notice that the 1st and 
2nd line displays will shift at the same time. 

6. Function Set 



Code 



When the displayed data is shifted repeatedly 
each line only moves hirizontally. The 2nd line 
display does not shift into the 1st line position. 

Address counter (AC) contents do not change if 
the only action performed is display shift. 



RS 


R/W 


DB 7 














DB 
















1 


DL 


N 


F 


* 


* 
























♦ Don't care 



DL: Sets interface data length. Data is sent or 
received in 8 bit lengths (DR7-DB0) when 
DL = 1 and in 4 bit lengths (DB7-DB4) 
whenDL = 0. 



When the 4 bit length is selected, data must be 

sent or received twice. 

N: Sets number of display lines. 

F: Sets character font. 



Note: Perform the function at the head of the program before executing any instructions (except "Busy 
flag/address read"). From this point, the function set instruction cannot be executed unless the 
interface data length is changed. 
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7. Set CG RAM Address 



Code 



RS 


R/W 


DB 7 














DBo 











1 


A 


A 


A 


A 


A 


A 



Sets the CG RAM address binary AAAAAA 
into the address counter. 



Higher Lower _^ 

Order Bits Order Bits 

Data is then written or read from the MPU for 
the CG RAM. 



Cursor 
5x7 dot character font 




c=t> 



■ 



5 x 1 dot character font 



Cursor Display Example 



Alternating display 



Blink Display Example 



Figure 8 Cursor and Blink 



8. Set DD RAM Address 



Code 



RS R/W DB 7 - 



DBn 









1 


A 


A 


A 


A 


A 


A 


A 



^ Higher 
Order Bits 

Sets the DD RAM address binary AAAAAAA 
into the address counter. 

Data is then written or read from the MPU for 
the DD RAM. 

9. Read Busy Flag and Address 



Lower ^ 
Order Bits 

However, when N = (1-line display), 
AAAAAAA can be 00-4F (hexadecimal). 
When N = 1 (2-line display), AAAAAAA can 
be 00-27 (hexadecimal) for the first line, and 
40-67 (hexadecimal) for the second line. 



RS R/W DB 7 



Code 






1 


BF 


A 


A 


A 


A 


A 


A 


A 



^ Higher 

Order Bits 

Reads the busy flag (BF) that indicates that the 
system is now internally operating on a 
previously received instruction. BF = 1 indi- 
cates that internal operation is in progress. The 
next instruction will not accepted until BF is set 
to 0. Check the BF status before the next wire 



Lower ^ 
Order Bits 

operation. At the same, the value of the address 
counter expressed in binary as AAAAAAA is 
read out. The address counter is used by both 
CG and DD RAM addresses, and its value is 
determined by the previous instruction. Address 
contents are the same as in items 7 and 8. 
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Table 8 Shift Function 



s/c 


R/L 










Shifts the cursor position to the left. (AC is decremented by one.) 





1 


Shifts the cursor position to the right. (AC is incremented by one.) 


1 





Shifts the entire display to the left. The cursor follows the display shift. 



1 1 Shifts the entire display to the right. The cursor follows the display shift. 



Table 9 Function Set 

No. of Character Duty 

N F Display Lines Font Factor Remarks 

1 5x7 dots t/8 



1 1 


5x10 dots 1/11 




1 * 2 


5x7dots 1/16 


Cannot display 2 lines with 5 x 10 dot character font 



*Don't care 

10. Write Data to CG or DD RAM 





RS 


R/W 


DN 7 














DB 


Code 


1 





D 


D 


D 


D 


D 


D 


D 


D 



DB 7 



Higher 
Order Bits 

Writes binary 8-bit data DDDDDDDD to the 
CGortheDD RAM. 

Whether the CG or DD RAM is to be written 
into is determined by the previous specification 



Lower 
Order Bits 



of CG RAM or DD RAM address setting. After 
write, the address is automatically incremented or 
decremented by 1 according to entry mode. The 
entry mode also determines display shift. 



11. Read Data from CG or DD RAM 



RS R/W DB 7 



DBn 



Code 



1 


1 


D 


D 


D 


D 


D 


D 


D 


D 



Higher 
Order Bits 



Lower _ 
Order Bits 
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Reads binary 8-bit data DDDDDDDD from the 
CG or DD RAM. 

The previous designation determines whether 
the CG or DD RAM is to be read. Before 
entering either the CQ RAM Qr PD RAM 
address set instruction. If you don't, the first 

read data will be invalidated, When serially 
executing read instructions, the next address 

data is normally read frQm the second readt The 
address set instruction need not be executed 
just before the read instruction when shifting 
the cursor by cursor shift instruction (when 
reading out DD RAM). The cursor shift 
instruction operation is the same as that of the 
DD RAM's address set instruction. 



After a read, the entry mode automatically 
increases or decreases the address by 1. However, 
display shift is not executed no matter what the 
entry mode is. 

Note: The address counter (AC) is automatically 
incremented or decremented by 1 after write 
instructions to either CG RAM or DD 
RAM. RAM data selected by the AC cannot 
then be read out even if read instructions are 
executed. The conditions for correct data 
readout are: execute either the address set 
instruction or cursor shift instruction (only 
with DD RAM), then just before reading out 
execute the "read" instruction from the 
second time the "read" instruction is sent. 



Connecting directly to the 8-bit MPU bus line 



VMA 

<f> 2 
A15 

HD6800 *° 

R/W 

D D 7 






COM r 
E COM 16 
HD66702 

RS 

R / W SEG,- 
DB -DB 7 SEGl0 ° 


16 






)— 


S—*- 

100 











-« 7* - 

8 



Figure 11 8-Bit MPU Interface 

Example of interfacing to the HD6805 



Ao A 7 

HD6805 C 
Ci 

c 2 


8 


DBo DB? COM 16 
HD66702 

E 

RS SEG 1" 
R/W SEG,0 ° 


16 
^— - 


* 7* 


100 















Connected 
to LCD. 



Figure 12 HD6805 Interface 
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Example of interfacing to the HD6301 



HD6301 



P 3 4 
P35 
P 36 

PlO~Pl7 



RS 


COMi- 


R/W 


COM 16 


E 






HD66702 


DB - 


-DB7 




SEGt- 




SEG100 



16 



Connected 
to LCD. 



100 



Figure 13 HD6301 Interface 



How To Use The HD66702 

Interface to MPU 

1 . Interface to 8-Bit MPU 

When connecting to 8-bit MPU through PIA 

Figure 15 is an example of using a PIA or I/O 
port (for single chip microcomputer) as an 



interface device. Input and output of the device 
is TTL compatible. 

In the example, PBo to PB7 are connected to 
the data buses DBo to DB7 and PAo to PA2 are 
connected to E, R/W and RS respectively. 

Pay attention to the timing relation between E 
and other signals when reading or writing data 
and using PIA as an interface. 



RS 
R/W 




J— ~~\ 

_j v r~\ r~\ 



Internal Operation 



No 



ob 7 m~rm^wMi^ \w/ABmmt q** m m. 



Instruction 


Busy Flag 


Busy Flag 


Busy Flag 


Instruction 


Write 


Check 


Check 


Check 


Write 



Figure 14 Example of Busy Flag Check Timing Sequence 
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A15 




A14 




A13 




A, 


HD68B00 


Ao 




R/W 




VMA 






DB 


-DB 7 



csi 

CSt 
CS 
RSt 
RS 
R/W 
E 

D -D 7 



PA 2 
PA, 

PA 
HD68B21 
PBo-PB 7 



RS 
R/W 



COIVh- 
COM 16 



HD66702 



SEd- 
SEGioo 



DB -DB 7 



16 



100 



Connected 
to Liquid 
Crystal 
Display 



HD68B00: 8 bit CPU 



Figure 15 Example of Interface to HD68B00 Using PIA (HD68B21) 

2. Interface to 4-bit MPU 



The HD66702 can be connected to a 4-bit MPU 
through the 4-bit MPU I/O port. If the I/O port 
has enough bits, data can be transferred in 8-bit 
lengths, but if there are insufficient bits, the 
transfer is made in two operations of 4 bit each 
(with designation of interface data length for 4 
bits). In the latter case, the timing sequence 
becomes somewhat complex (See figure 16). 



Figure 17 shows an example of interface to the 
HMCS43C. 

Note: that 2 cycles are needed for the busy flag 
check as well as the data trnsfer. 4-bit 
operation is selected by program. 



RS 
R/W 




I 

Internal 1 Internal Operation |_ 



No 



Instruction 1 


Busy Flag 


Busy Flag 


1 Instruction 


Write 


Check 


Check 


Write 



Note: IR7, IR3: Instruction 7th bit, 3rd bit 
AC3: Address Counter 3rd bit 



Figure 16 An Example of 4-Bit Data Transfer Timing Sequence 
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Dig 




D U 


HMCS43C 


D13 


Rio 


R13 



RS 






COMt- 


R/W 


COM 16 


E 


HD66702 




SEG^- 


DB 4 - 


DB 7 SEG100 



16 



100 



Connected 
to Liquid 
Crystal 
Display 



HMCS43C: Hitachi 4-bit single-chip microcontroller 



Figure 17 Example of Interface to the HMCS43C 
Interface to Liquid Crystal Display 

1. Character Font and Number of Lines 



1 line with 5 x 10 dots. Therefore, three types 
of common signals are available (Table 10). 



The HD66702 can perform 2 types of display, 5 
x 7 dots and 5 x 10 dots character font, with a 
cursor on each. 

Up to 2 lines are displayed with 5x7 dots and 
Table 10 Common Signals 



Number of line and font types can be selected 
by program. (See Table 7, Instructions). 

2. Connection to HD67702 and Liquid Crystal 
Display 

Figure 18 shows connection examples. 



Number of 
Lines 


Character Font 


Number of 
Common Signals 


Duty 
Factor 


1 


5x7 dots + Cursor 


8 


1/8 


1 


5x 10 dots + Cursor 


11 


1/11 


2 


5x7 dots + Cursor 


16 


1/16 
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Liquid Crystal 
Display Panel 
(20 characters 
x 1 line) 



(a) Example of a 5x7 dot, 8 character xl line Display (1/4 Bias, 1/8 Duty Cycle) 




Liquid Crystal 
Display Panel 
(20 characters 
x 1 line) 



(b) Example of 5 x 10 dot, 20 character x 1 line Display (1/4 Bias, 1/8 Duty Cycle) 



Figure 18 Liquid Crystal Display and Connections to HD66702 
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Since 5 SEG signal lines can display one digit, 
one HD66702 can display up to 20 digits for 1- 
line display and 40 digits for 2-line display. 

In Figure 19 examples (a) and (b), there are 
unused common signal terminals, which always 



output non-selection waveforms. When the 
liquid crystal display panel has unused extra 
scanning lines, avoid undesirable influences 
due to crosstalk in the floating state by 
connecting the extra scanning lines to these 
common signal terminals (Figure 20). 




COM £ 
COMc 

COM 1( 
HD66702 

SEd 



SEGioo 



Liquid Crystal 
Display Panel 
(20 characters 
x 2 lines) 



(c) Example of 5 x 7 dot, 20 character x 2 lines Display (1/5 Bias, 1/16 Duty Cycle) 

Figure 19 Liquid Crystal Display and Connections to HD66702 (Cont'd.) 



COM! 



COM £ 



COM 
HD66702 

SEG, 



SEGioo 




5x7 dot, 20 character x 1 line Display (1/4 Bias, 1/8 Duty Cycle) 



Figure 20 Using COM9 to Avoid Crosstalk on Unneeded Scanning Line 
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3. Connection of Changed Matrix Layout 

In the preceding examples, the number of lines 
matched the number of scanning lines. The 
display types Figure 21 are made possible by 
changing the matrix layout in the liquid crystal 
display panel. In either case, the only change is 



the layout. Display characteristics and the 
number of liquid crystal display characters 
depend on the number of common signals (or 
duty factor). Note that the display data RAM 
(DD RAM) addresses for 10 characters x 2 
lines and 40 characters x 1 line are the same as 
shown in Figure 19. 



COIVh 

COMj 

SEGt 
HD66702 : 

SEG100 

COM, 



COM 1( 



5x7 dot, 40 character x 1 line Display 
(1/5 Bias, 1/16 Duty Cycle) 



SEGi 

SEG50 
COM, 

COM 8 
HD66702 



SEG51 
SEG100 



5x7 dot, 4 character x 2 line Display 
(1/4 Bias, 1/8 Duty Cycle) 



Figure 21 Changed Matrix Layout Displays 
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Power Supply for Liquid Crystal 
Display Drive 

Various voltage levels must be applied to 
HD66702 terminals Vi to V5 to obtain liquid 
crystal display drive waveforms. The voltages 



must be changed according to duty factor. Table 
11 shows the relation. 

VlCD gives the peak values for liquid crystal 
display drive waveforms. Resistance dividing 
provides each voltage as shown in Figure 22. 



Table 11 Duty Factor and Power Supply for Liquid Crystal 

Disnlay Drive 



Duty Factor 


1/8, 1/11 


1/16 


Power Supply Bias 


1/4 


1/5 


Vi 


Vcc- 1/4 Vlcd 


Vcc -1/5 Vlcd 


v 2 


Vcc- 1/2 vlcd 


Vcc -2/5 Vlcd 


V 3 


Vcc -1/2 vlcd 


Vcc -3/5 Vlcd 


v 4 


Vcc -3/4 vlcd 


vcc -4/5 vlcd 


v 5 


v cc -Vlcd 


Vcc - Vlcd 



Vcc 

y^ 

V 2 
V 3 
V 4 
V 5 



2- 



V CC ( + 5V) 



AT™ 

-5V 



1/4 Bias 

(1/8, 1/11 Duty Cycle) 



V CC 

V, 

V 2 
\' 3 
V 4 
V 5 



1/5 Bias 

(1/16 Duty Cycle) 



V CC ( + 5V) 



/ f VR 
--5V 



Figure 22 Drive Voltage Supply Example 
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Relation between Oscillation Frequency and Liquid 
Crystal Display Frame Frequency 

The examples in Figure 23 of liquid crystal display 
frame frequency apply only when oscillation 
frequency is 320 kHz (1 clock pulse = 3.125 \xs). 



1. 1/8 Duty Cycle 



V cc 
COM, V, 

V 2 (V 3 ) - 
V 4 



' 1 ' 2 | 3 | 4 | 1 8 '| 1 I 2 I 




\ 


I 














































I 







1 frame 



1 frame = 3.125 (\xs) x 400 x 8 = 10000 (jis) = 10 (ms) 
Frame frequency = l = 100 (Hz) 
10 (ms) 

2. 1/11 Duty Cycle 



V CC " 
COM! Vt ■ 
V 2 (V 3 ) • 
V 4 - 
V 5 • 



r 



— 400 clocks 
2 | 3 | 4 |, 



11 I 1 I 2 

I 



1 frame 



1 frame = 3.125 ftis) x 400 x 11 = 13750 (lis) = 13.75 (ms) 
Frame frequency = l = 72.7 (Hz) 
13.75 (ms) 

3. 1/16 Duty Cycle 



V cc 
Vi 

COM! V 2 
V 3 
V 4 
V 5 



1 


2 | 3 | 4 | -| 16 I 1 | 2 | 








I 




































































I 


I 





1 frame 



1 frame = 3.125 Qis) x 200 x 16 = 10000 ftis) = 10 (ms) 
Frame frequency = 1 = 100 (Hz) 

10 (ms) 



Figure 23 Frame Frequency 
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Connection with Driver LSI HD44100H 

You can increase the number of display digits by 
externally connecting an HD44100H liquid crystal 
display driver LSI to the HD66702. When 
connected to the HD66702, the HD44100H is used 
as segment signal driver. The HD44100H can be 
connected to the HD66702 directly since it supplies 
CLi, CL2, M, and D signals and power for liquid 
crystal display drive. Figure 24 shows a connection 
example. 



Caution: Connection of voltage supply terminals Vi 
through V6 for liquid crystal display drive 
is complicated. The EXT pin must be 
fixed low if the HD44100H is connected 
totheHD66702. 

Up to 8 HD44100H units can be connected for 1- 
line display (duty factor 1/8 or 1/11) and up to 3 
units for the 2-line display (duty factor 1/16). RAM 
size limits the HD66702 to a maximum of 80 
character display digits. The connection method in 
figure 22 remains unchanged for both i-iine and 2- 
line display or 5 x 7 and 5 x 10 dot character fonts. 



COM, -COM! 6 
(COMt-COMb) 



SEG,-SEG 1M 



CL, 
CL 2 
M 
Vcc 
GND 
V 2 



HD66702 



Dot Matrix Liquid Crystal Display Panel 



DL, 1 " 

FCS 
SHL, 

SHL 2 
nn <z< 



5 DR 2 



DL 2 



ES<<<^<< 



DLi 



Y, — 



■ Y40 



DR 2 



FCS 
SHL, 

SHL 2 



DL 2 
DRt 



DLi Yl Y40 DR 2 



□ E 



FCS 
SHL1 
SHL 2 



DL 2 - 
DR, • 



Figure 24 Example of Connecting HD44100H to HD66702 
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Instruction and Display Correspondence 

1. 8-bit operation, 20-digit x 1-line display (using 
internal reset) 

Table 12 shows an example of 8-bit x 1-line 
display in 8-bit operation. The HD66702 
functions must be set by function set instruction 
prior to display. Since the display data RAM can 
store data for 80 characters, as explained before, 
the RAM can be used for displays like a lighting 
board when combined with display shift 
operation. 

Since the display shift operation changes 
display position only and DD RAM contents 
remain unchanged, display data entered first 
can be output when the return home operation 
is performed. 

2. 4-bit operation, 20-digit x 1-line display (using 
internal reset) 

The program must set functions prior to 4-bit 
operation. Table 13 shows an example. When 
power is turned on, 8-bit operation is 
automatically selected and the first write is 
performed as an 8-bit operation. Since nothing is 
connected to DB0-DB3, a rewrite is then 
required. However, since one operation is 
completed in two accesses of 4-bit operation, a 



rewrite is needed as function (see table 13). Thus, 
DB4-DB7 of the function set is written twice. 

3. 8-bit operation, 20-digit x 2-line display 

For 2-line display, the cursor automatically 
moves from the first to the second line after the 
40th digit of the 1st line has been written. Thus, 
if there are only 20 characters in the first line, 
the DD RAM address must again be set after 
the 20th character is completed. (See table 14). 
Note that the first and second lines of the 
display shift are performed. In the example, the 
display shift is performed when the cursor is on 
the second line. However, if the shift operation 
is performed when the cursor is on the first 
line, both the first and the second lines move 
together. When you repeat the shift, the display 
of the second line will not move to the first 
line, the same display will only move within 
each line many times. 

Note: When using the internal reset, the 
conditions in "Power Supply Condition 
Using Internal Reset Circuit" must be 
satisfied. If not, the LCD-II/E20 must be 
initialized by instruction. (As the internal 
reset does not function correctly in the 3-V 
LCD-II/E20, it must always be initialized 
by instruction.) See "Initializing by 
Instruction." 
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Table 12 8-Bit Operation, 20-Digit 1-Line Display Example (Using Internal Reset) 



Step 



No. 


Instruction 




Display 


Operation 


i 

i 


Power Supply On (HD66780 is 
initialized by the internal reset circuit) 




Initialized. No display appears. 


2 


Function Set 

RS R/WDB 7 • • • DB 
1 1 * * 




Sets to 8-bit operation and selects 1 - 
line display and one of the three char- 
acter-fonts. (Number of display lines 
and character font cannot be changed 
after this.) 


3 


Display On/Off Control 

1 1 1 





!__ ! 


Turns on display and cursor. Entire 
display is on space mode because of 
initialization. 


4 


Entry Mode Set 

000000001 1 







Sets mode to increment the address by 
one and to shift the cursor to the right 
at the time of write to the DD/CG 
RAM. Display is not shifted. 


5 


Write Data to CG RAM/DD RAM 
1 1 1 





I H _ I 


Writes "H". The DD RAM has already 
been selected by initialization when the 
power is turned on . 
The cursor is incremented by one and 
shifted to the right. 


6 


Write Data to CG RAM/DD RAM 
10 1 1 


1 


I H L_ I' 


Writes "I". 


7 i i 


8 


Write Data to CG RAM/DD RAM 
10 1 1 


1 


| H I TACH l_ | 


Writes "I". 


9 


Entry Mode Set 

1 1 


1 


| H I TACH I | 


Sets mode for display shift at the time 
of write. 


10 


Write Data to CG RAM/DD RAM 
10 1 





| I TACH I _ | 


Writes space. 


11 


Write Data to CG RAM/DD RAM 
10 1 1 1 


1 


| TACH I M_ | 


Writes "M". 


12 ! i 


13 


Write Data to CG RAM/DD RAM 
10 1 1 1 1 


1 


| Ml CROKO_ | 


Writes "0" . 


14 


Cursor or Display Shift 
000 01 00 * 


* 


| M I CROKO | 


Shifts only the cursor position to the 
left. 


15 


Cursor or Display Shift 
00000100* 


* 


| M I CROKO | 


Shifts only the cursor position to the 
left. 


16 


Write Data to CG RAM/DD RAM 
1 Q 1 1 


1 


| I CROCO | 


Writes "C" (correction). 

The display moves to the left. 


17 


Cursor or Display Shift 

1 1 1 * 


* 


| M I CROCO | 


Shifts the display and cursor position to 
the right. 


18 


Cursor or Display Shift 

1 1 * 


* 


| M I C R C 0_ | 


Shifts only the cursor position to the 
right. 


19 


Write Data to CG RAM/DD RAM 
1 1 1 1 


1 


| I CROCOM_ | 


Writes "M". 


20 i i 


21 


Return Home 

1 





| H I T A C H I | 


Returns both display and cursor to the 
original position (address 0). 
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Table 13 4-Bit Operation, 20-Digit 1-Line Display Example (Using Internal Reset) 

Step 



No. 


Instruction 






Display 


Operation 


1 


Power Supply On (HD66780 is i 

initialized by the internal reset circuit) I 


1 Initialized. No display appears. 


2 


Function Set 
RS R/W DB 7 • 






1 


• DB 4 I 

I 


Sets to 4-bit operation . 

1 In this case, operation is handled as 8 

1 bits by initialization, and only this 

instruction completes with one write. 


3 


Function Set 








1 
* 




* I 


Sets to 4-bit operation and selects 1 - 
line display and one of the three char- 

1 acter fonts. 4-bit operation starts from 

1 this point on and resetting is needed. 

(Number of display lines and character 
font cannot be changed after this.) 


4 


Display On/Off Control 

11 



1 


| 



Turns on display and cursor. Entire 
| display is in space mode because of 
initialization . 


5 


Entry Mode Set 





1 



1 


0- i 

o L=-. 


Sets mode to increment the address by 
1 one and to shift the cursor to the right, 

1 at the time of write, to the DD/CG 

RAM. Display is not shifted. 


6 


Write Data to CG RAM/DD RAM 
10 10 
1 1 | H 


Writes "H". The DD RAM has already 
been selected bv initialization when the 
1 power is turned on. The cursor is in- 
cremented by one and shifted to the 
right. 



After this, control is the same as 8-bit operation. 
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Table 14 8-Bit Operation, 20-Digit x 2-Line Display Example (Using Internal Reset) 



No. 


Instruction 


Display 


Operation 


1 


Power supply on ( HD66702 is intialized by the 
internal reset circuit) 








Initalized. No display appears. 


2 


Function Set 








Sets to 8-bit operation and selects 2- 
line display and 5x7 dot character 
font. 


RS R/WDBy — — — ■ DB 

1 1 1 * * 




3 


Display On/Off Control 

1 1 1 








Turns on display and cursor. All dis- 
play is in space mode because of 
initialization . 


4 


Entry Mode Set 

1 1 








Sets mode to increment the address 
by one and to shift the cursor to the 
right, at the time of write, to the DD/ 
CG RAM. Display is not shifted. 


5 


Write Data to CG RAM/DD RAM 

1 1 1 




H__ 




Writes "H". The DD RAM has already 
been selected by initialization when 
the power is turned on. 
The cursor is incremented by one and 
shifted to the right. 


6 








7 


Write Data to CG RAM/DD RAM 

10 10 10 1 




HITACHI_ 




Writes "I". 


8 


Set DD RAM Address 

001 1000000 




HITACHI 




Sets RAM address so that the cursor is 
positioned at the head of the 2nd line. 


9 


Write Data to CG RAM/DD RAM 

10 1 1 1 1 




HITACHI 

M_ 




Writes "M". 


10 








11 


\A/ri+a ria+a +r» f*CZ RAM/nn RAM 
Write XJaXa TO v»V3 riMIVI/L'U riMIVI 

10 1 1 11 1 




HITACHI 
MICROCO_ 




Writes "0" . 


12 


Entry Mode Set 

1 1 1 




HITACHI 
MICROCO_ 




Sets mode for display shift at the time 
of write . 


13 


Write Data to CG RAM/DD RAM 

1 1 1 1 1 




ITACHI 
ICROCOM__ 




Writes "M". Display is shifted to the 
right. 

The first and second lines' shift oper- 
ate at the same time. 


14 








15 


Return Home 

1 




HITACHI 
MICROCOM 




Returns both display and cursor to the 
original position (Address 0) . 
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Initializing by Instruction 

If the power supply conditions for correctly 
operating the internal reset circuit are not met, 
initialization by instruction is required. Use the 
procedure in Figures 25 and 26 for initialization. 



1: 



c 



Power on 



Wait more than 15 ms 
after V cc rises to 4.5V 



RS R/W D67 DB 6 DB 5 DB 4 DB 3 DB 2 DBi DB 

00001 1 * * * * 



I BF cannot be checked before this instruction. 
Function set (Interface is 8 bits long.) 



Wait more than 4.1 ms 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DBi DB 
00001 1 **** 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



Wait for more than 100/ts 



RS R/W DB 7 DB 6 DB 5 DB 4 DB 3 DB 2 DB 1 DB 
00001 1 * * * * 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 7) 



Function Set (Interface is 8 bits long. 
Specifiy the number of display lines and 
character font.) 

The number of display lines and character font 
cannot be changed afterwards. 

Display off 

| Display clear 

Initialization ends Entry mode set 

Note: As the internal reset does not function correctly in the 3-V LCD-II/E20, it must be initialized by instruction. 



RS R/W DB7 DB 6 DB 5 DB 4 DB 3 


DB 2 DBt DB 


1 1 N 


F * * 


1 








1 





1 l/D S 
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HD66702 LCD-II/E20 



2: 



C 



Power on 



3 



Wait more than 15 ms 
after V cc rises to 4.5 V 



RS R/W DB 7 


DB 6 DB 5 DB 4 





1 1 



Wait more than 4. 1 ms 



RS R/W DB 7 DB 6 DB 5 DB< 
1 1 



Wait for more than 100#s 



RS R/W DB 7 


DB 6 


DB 5 


DB 4 











1 


1 






RS R/W DB 7 


DB 6 


DB 5 


DB 4 











1 














1 








N 


F 


* 


* 




















1 






































1 























1 


l/D 


s 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.) 



BF cannot be checked before this instruction. 



Function set (Interface is 8 bits long.! 



BF cannot be checked before this instruction. 



v Function set (Interface is 8 bits length.) 



BF can be checked after the following instruc- 
tions. When BF is not checked, the waiting 
time between instructions is longer than the 
execution instruction time. (See table 7) 



Function Set (Set interface to be 4 bits long.) 
Interface is 8 bits length. 

Function Set (Interface is 4 bits long. Specify 
the number of display lines and character font.) 
The number of display lines and character font 
cannot be changed afterwards. 



Display off 
Display clear 
Entry Mode Set 
Initialization ends 

Note: As the internal reset does not function correctly in the 3-V LCD-II/E20, it must be initialized by instruction. 



Figure 26 4-Bit Interface 
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